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A B S T R A C T
S T E R E O C H E M IC A L  S T U D IE S  OF 1 ,2 -D IA M IN O C Y C L O H E X A N E  
A N D  SOME OF IT S  D E R IV A T IV E S
b y
S a c h ik o  I .  H o w a rd  
U n iv e r s i t y  o f  New H a m p s h ire , D e c e m b e r 1984
T h e  l i t e r a t u r e  m e th o d s  fo r  th e  d e te rm in a t io n  o f  c h e m ic a l p u r i t y  a nd  
r a t io  o f  c is  a n d  t r a n s  d ia s te re o is o m e rs  o f  1 , 2 -d ia m in o c y c lo h e x a n e  
(D A C H ) fro m  c o m m e rc ia l s o u rc e s  w e re  e v a lu a te d .  C a r b o n - 13 n u c le a r  
m a g n e tic  re s o n a n c e  s p e c tro s c o p y  w as fo u n d  to  be  m o s t c o n v e n ie n t  fo r  
r o u t in e  a n a ly s is .  G as c h ro m a to g ra p h ic  a n a ly s is  a f t e r  th e  E s c h w e ile r -  
C la rk e  N -m e th y la t io n  w as fo u n d  to  g iv e  a f a u l t y  is o m e r r a t io  u n le s s  
s p e c ia l p re c a u t io n s  w e re  ta k e n  to  in s u r e  c o m p le te  r e a c t io n ,  s in c e  th e  c is  
is o m e r w as fo u n d  to  u n d e rg o  u n u s u a lly  s lo w  c o n v e rs io n  to  i t s  t e t r a -  
m e th y l d e r iv a t iv e  c o m p a re d  to  th e  r a te  o f  c o n v e rs io n  o f  th e  t r a n s  
is o m e r .
O p t ic a l ly  a c t iv e  c is - 2 , 3 -d ip h e n y ld e c a h y d r o q u in o x a l in e  a n d  t r a n s -
2 , 3 -d ip h e n y ld e c a h y d r o q u in o x a l in e  w e re  p re p a re d  b y  s te re o s e le c t iv e  
re d u c t io n s  o f  2 , 3 - d ip h e n y lh e x a h y d r o q u in o x a l in e  o b ta in e d  b y  th e  c o n ­
d e n s a tio n  o f  b e n z il  a n d  ( - ) - ( R , R ) - D A C H  e n a n t io m e r .  O p t ic a l ly  a c t iv e  
N ,N '- d ib e n z y l- l , 2 - d ia m in o c y c lo h e x a n e  (D B D A C H ) w as p re p a re d  b y  th e  
N a B H ^  r e d u c t io n  o f  th e  d iim in e  o b ta in e d  b y  th e  c o n d e n s a t io n  o f  b e n z -  
a ld e h y d e  a n d  ( - ) - ( R , R ) - D A C H  e n a n t io m e r .
T h re e  d ia m in e s  w e re  a d d e d  to  s u s p e n s io n s  o f  l i th iu m  a lu m in u m  
h y d r id e  (L A H )  in  e th e r  to  p ro d u c e  c h ir a l ly  m o d if ie d  L A H  re a g e n ts .
x i i i
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P ro p io p h e n o n e  w as re d u c e d  to  ( R ) - l - p h e n y le t h a n o I  in  36% e n a n t io m e r ic  
e x c e s s  ( e . e . )  b y  th e  D B D A C H -L A H  r e a g e n t .  T h e  r e d u c t io n  o f  p r o p io ­
p h e n o n e  b y  L A H  re a g e n ts  m o d if ie d  w i th  th e  tw o  c h ir a l  d e c a h y d ro q u in -  
o x a lin e s  r e s u lte d  in  c a r b in o l  w i th  ( S ) - c o n f ig u r a t io n  b u t  w i th  sm a ll 
a s y m m e tr ic  in d u c t io n s  ( le s s  th a n  5% e . e . ) .
X I V
" R ^ u c e d  with permission of the copyright owner. Further reproduction prohibited without permission.
I :  P R O P E R T IE S  A N D  A P P L IC A T IO N S  OF 1 , 2 -D IA M IN O C Y C L O H E X A N E
1 ,2 -D ia m in o c y c lo h e x a n e  (D A C H ) is  a w e l l - k n o w n  c o m p o u n d ^  w h ic h  
h as  p h y s ic a l a n d  c h e m ic a l p r o p e r t ie s  t y p ic a l  o f  lo w  m o le c u la r  w e ig h t  
a l ip h a t ic  p r im a r y  d ia m in e s . I t  h as  an  u n p le a s a n t a m m on iaca l o d o r ,  
r e a d i ly  d is s o lv e s  in  w a te r ,  a n d  re a c ts  w i th  C O ^ in  a i r  to  fo rm  a w h ite  
s o lid  " c a rb o n a te "  ( F ig .  I ) .  U n le s s  p ro te c te d  fro m  l ig h t  a n d  s to re d  in  a 
c o ld  p la c e ,  D A C H  d a rk e n s  u p o n  s ta n d in g . *
F ig u re  1 
R e a c tio n  o f D A C H  w i th  C 0 _
+  C O 2
NHCO2
T h e re  a re  th re e  s te re o is o m e rs  o f  D A C H  ( F ig . 2 ) :  a c h ira l  c is -
D A C H  ( J .^ )  a n d  a p a i r  o f  t r a n s -D A C H  e n a n tio m e rs  (^2  a n d  3 ) .  T h e  
a b s o lu te  c o n f ig u r a t io n s  o f  th e  t r a n s -D A C H  e n a n tio m e rs  w e re  f i r s t  . 
i n f e r r e d  fro m  c i r c u la r  d ic h ro is m  (C D ) a n d  o p t ic a l r o t a t o r y  d is p e rs io n  
(O R D ) s tu d ie s , ^  ^ a n d  th e  a s s ig n m e n ts  w e re  la t e r  c o n f irm e d  b y  an 
X - r a y  d i f f r a c t io n  s tu d y  o f  a D A C H - C o ( I I I )  c o m p le x .^  Some p h y s ic a l
* I t  is  r e p o r te d  th a t  a m ine s  d is t i l le d  fro m  sm a ll a m o u n ts  o f  s o d iu m  b o r o -  
h y d r id e  r e s is t  d is c o lo r a t io n  a n d  h a v e  lo n g e r  s h e l f - l i f e  (R e f 6 ) ,  b u t  th is  
p ro c e d u re  h as  n o t  b e e n  a p p lie d  to  D A C H  b y  th is  a u th o r  a n d  th e  e f fe c ­
t iv e n e s s  o f  s u c h  a p ro c e d u r e  fo r  D A C H  is  n o t  r e p o r te d .
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p r o p e r t ie s  o f  D A C H  a re  l is te d  in  T a b le  1.
F ig u re  2 
S te re o is o m e rs  o f D A C H
 N H 2 s.
c is - 1 , 2 -d ia m in o c y c lo ­
h e x a n e
c is -D A C H
( - )  - ( R , R )  - t r a n s - 1 ,2 -  ( + ) - ( S ,  S ) - t r a n s - 1 ,2 -
d ia m in o c y c lo h e x a n e
( - ) - D A C H
d ia m in o c y c lo h e x a n e
(+ ) -D A C H
C o m m e rc ia l S o u rc e s  o f  D A C H
D A C H  is  a v a ila b le  fro m  v a r io u s  co m m e rc ia l s o u rc e s  in  p a c k a g e s  
ra n g in g  fro m  la b o r a to r y  to  la rg e  b u lk  ( ta n k  c a r )  q u a n t i t ie s .  I t  can  be  
p u rc h a s e d  b o th  as a m ix tu r e  o f  c is  a n d  t r a n s  is o m e rs  a n d  as p u r e  
t r a n s -D A C H  ( ra c e m ic  o r  o p t ic a l ly  a c t iv e ) .  T h e  c h e m ic a l p u r i t y  o f  D A C H  
sa m p le s  a n d  th e  is o m e r r a t io  o f  D A C H  m ix tu r e s  v a r y  w id e ly ,  h o w e v e r ,  
d e p e n d in g  on  th e  s u p p l ie r  a n d  e v e n  u p o n  lo t  v a r ia t io n s  fro m  a s in g le  
s u p p l ie r .  A l th o u g h  th e  q u a l i t y  o f  a co m m e rc ia l D A C H  m ix tu r e  ra n g e s  
fro m  p o o r  to  e x c e l le n t ,  th e  u n i t  c o s t is  n e a r ly  u n ifo rm  am ong s ix  m a jo r 
D A C H  s u p p l ie r s .  T h e  nam es a n d  a d d re s s e s  o f  th e  D A C H  s u p p lie r s  a n d  
th e  c u r r e n t  p r ic e s  (as  o f  A p r i l ,  1984) a re  g iv e n  in  T a b le  2.
ie p ro d u c e d  with permission of the copyright owner. Further reproduction prohibited without permission.
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T a b le  2 
D A C H  S u p p lie r s
T h e  Am es L a b o r a to r ie s ,  In c .  
C / T :  $ I5 /1 0 0 g
P . O . B o x  3024 
200 R o c k  L a n e  
M il fo r d ,  C T  06460 
2 03 -874 -2463
2. A lfa  P ro d u c ts ,
T h io k o l /V e n t r o n  D iv .  
C / T :  $ I3 /2 5 0 g
- T  : $ 2 6 /g
+ T : $ 4 9 /g
152 A n d o v e r  S t .  
D a n v e rs ,  MA 01923 
617 -7 77 -1 9 70
A ld r ic h  C h e m ic a l C o . ,  In c .  
C / T :  $ 3 1 .6 5 /k g  
T :  $37 /25 0 m L
940 VV. S t .  P a u l A v e .  
M ilw a u k e e , WI 53233 
414 -2 73 -3 8 50
4. IC N  K & K  L a b o ra to r ie s  
C / T :  $22 5 /2 5 0g
121 E x p re s s  S t .  
P la in v ie w , N Y  11803 
516 -433 -6262
5, F lu k a  C h e m ic a l C o rp .  
C / T :  $ 2 2 .5 0 / l i te r
255 O s s e r A v e . 
I la u p p a g u e ,  N Y  11787 
516 -273 -0110
6. L â c h â t C h e m ic a ls , I n c . 10500 N . P o r t  W a s h ig n to n  R d . 
M e q u o n , WI 53092 
414 -241 -3872
7 . P fa ltz  & B a u e r ,  In c .
D iv .  o f  A c e to  C h e m ic a l C o . 
C / T :  $ 2 2 /k g
375 F a i r f ie ld  A v e .  
S ta m fo rd ,  C T  06902 
203 -3 57 -8 7 00
8. S tre m  C h e m ic a ls , In c .  
T :  $ 60 /25 0 g
- T : $ 2 6 /g
7 M u ll ik e n  Way 
P . O . B o x  108 
N e w b u r y p o r t ,  MA 01950 
617 -4 62 -3 1 91
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9. C h e m ic a l D y n a m ic s  C o rp . P . O . B o x  395 
H a d le y  R d .
S o u th  P la in f ie ld ,  N J 07080 
201 -7 53 -5 0 00
10. C h e m ic a ls  P ro c u re m e n t 
L a b s , In c .
C / T :  $ 8 2 5 /k g
18-17  1 30 th  S t .
P . O . B o x  75
C o lle g e  P o in t ,  N Y  11356
2 1 2 -3 53 -2 6 63
11. E . I . D u P o n t de  N e m o u rs  & C o . 1007 M a rk e t S t .
P e tro c h e m ic a ls  D e p a r tm e n t;  W ilm in g to n , D E  19898
P o ly m e r In te rm e d ia te s  D iv .  3 02 -774 -2421
C / T :  7 5 < t/lb , 55 g a l m in .
12. O v e r lo o k  I n d u s t r ie s ,  In c ,  
S apon  L a b o ra to r ie s  D iv .  
T : $41/10g
511 RD #1
B lo o m s b u ry ,  N J  08804 
201 -4 54 -1 0 00
13, S h a rp e  C h e m ic a ls  C o . 
C / T :  $ 4 2 .5 0 /k g
1116 S o u th  V a rn e y  S t.  
B u r b a n k ,  C A  91502 
213 -8 41 -7 6 05
14. O x id ,  In c .
T :  $ 2 2 .5 0 / lb
lO I  C o n c re te  S t .  
H o u s to n , T e x a s  77012 
713 -9 23 -9 1 36
15. C T C  O rg a n ic s
C / T :  $135 /500m L
P .O . B o x  6933 
A t la n ta ,  GA 
4 0 4 -5 24 -6 7 44




ra c e m ic  t r a n s - D A C H
( - ) - t r a n s -D A C H  
( + ) - t r a n s -D A C H
c is -D A C H  is  n o t  c o m m e rc ia lly  a v a i la b le .
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T h e  w id e  v a r ia t io n  in  th e  q u a l i t y  o f  th e  c o m m e rc ia l D A C H  sam p les
is  a s s o c ia te d  w ith  th e  o r ig in  o f  th e s e  m a te r ia ls .  T h e  m a in  s o u rc e  o f
c o m m e rc ia l D A C H  is  th e  b y - p r o d u c t  s tre a m  fro m  th e  p r o d u c t io n  o f  h e x a -
m e th y le n e d ia m in e  (H M D A ) b y  th e  c a ta ly t ic  h y d r o g e n a t io n  o f  a d ip o n i t r i le .
12H M D A  is  p ro d u c e d  in  la rg e  q u a n t i t ie s  f o r  th e  m a n u fa c tu re  o f  N y lo n  6 6 . ’
17-19
T h e  c o m p o s it io n  o f  th is  b y - p r o d u c t  s tre a m  v a r ie s  fro m  one  r u n
7
to  th e  n e x t  a n d  fro m  o ne  p la n t  to  th e  n e x t .  T h e  c ru d e  m a te r ia l is
s o ld  to  th e  s u p p l ie r  to  b e  t r e a te d  a c c o rd in g  to  i t s  c u s to m  fo r  r e ta i l
s a le s . S om etim es th e  sa m p le  is  s o ld  a f t e r  a s im p le  d is t i l la t io n ;
som e tim es i t  is  p u r i f ie d  u n d e r  r ig o r o u s  c o n d it io n s .  F o r  e x a m p le , O x id
r e c e n t ly  in t r o d u c e d  h ig h ly  p u r i f ie d  t r a n s -D A C H  ( ra c e m ic )  to  th e
m a rk e t ,  w h ic h  has b e e n  p re p a re d  b y  a f r e e z e - th a w  m e th o d  a f t e r  an
70
i n i t i a l  p u r i f ic a t io n  b y  d is t i l la t io n .
T h e  q u a l i t y  o f  D A C H  sa m p le s  is  n o t  o b v io u s  fro m  a c u r s o r y  e x a m i­
n a t io n  o f  s u p p l ie r s ' d a ta  s h e e ts .  T h e  a u th o r  h a s  fo u n d  th a t  o f te n  th e  
d a ta  p r o v id e d  a re  q u i te  in a c c u r a te .  T h e  a n a ly s e s  o f  co m m e rc ia l D A C H  
sa m p le s  a n d  a c r i t ic a l  e v a lu a t io n  o f  v a r io u s  a n a ly t ic a l  m e th o d s  a re  
d is c u s s e d  in  S e c tio n  I I  o f  t h is  th e s is .
R em ova l o f  D A C H  fro m  H M D A
T h e  re m o v a l o f  th e  D A C H  " im p u r i t y "  f ro m  H M D A  f r a c t io n s  is  an 
im p o r ta n t  p r e l im in a r y  s te p  in  in d u s t r ia l  p o ly a m id e  s y n th e s is  in  o r d e r  to  
a s s u re  p o ly m e r  h o m o g e n e ity .  T h is  is  a c c o m p lis h e d  e c o n o m ic a lly  a n d  
e f f ic ie n t ly  b y  th e  p r e fe r e n t ia l  a c id -c a ta ly z e d  re a c t io n  o f  D A C H  in  th e  
p re s e n c e  o f  H M D A  w ith  a s u g a r  s u c h  as s u c ro s e ,  f r u c to s e  a n d  g lu c o s e
to  fo rm  p r o d u c ts  o f  lo w  v o la t i l i t y  fro m  w h ic h  th e  d e s ire d  H M D A ca n  be  
d i r e c t ly  d is t i l le d .  H M D A  w ith  a re d u c e d  D A C H  im p u r i t y  le v e l ca n  be  
p re p a re d  b y  th is  m e th o d  u s in g  in d u s t r ia l  m o lasse s  as a c o n v e n ie n t
w«h permission of the copyright owner. Further reproduction p ro h M e d  without permission.
18s o u rc e  o f  s u c ro s e .  T h e  re s id u e  fro m  s u c h  t r e a tm e n t  is  n o t ,  h o w e v e r ,  
a s u ita b le  s o u rc e  o f  p u r i f ie d  D A C H .
S e p a ra t io n  o f  D A C H  Is o m e rs
A s  s h o w n  in  T a b le  2 , m o s t co m m e rc ia l D A C H  is  a m ix tu r e  o f  c is
a n d  t r a n s  is o m e rs .  A l th o u g h  p u r e  t r a n s -D A C H  is  n o w  a v a ila b le  fro m
O x id ,  c is -D A C H  is  n o t  a v a ila b le  a t p r e s e n t .  I f  p u r e  D A C H  is o m e rs  a re
d e s ire d ,  i t  is  n e c e s s a ry  to  s e p a ra te  th e m  fro m  D A C H  m ix tu r e s .  V a r io u s
s e p a ra t io n  schem es h a v e  b e e n  d e v is e d .
D o w n in g  e t a l.  o b ta in e d  t r a n s -D A C H  b y  th e  f r a c t io n a l  r e c r y s t a l l i -
21z a tio n  o f  an  is o m e r ic  m ix tu r e  o f h e x a h y d ro q u in o x a l in e s  a c c o rd in g  to  a
19p ro c e d u re  f i r s t  d e v e lo p e d  b y  A . I .  S m ith . T h e  re a c t io n  o f  a D A C H  
m ix tu r e  w i th  b e n z il  r e s u l t s  in  a d ia s te re o m e r ic  m ix tu r e  o f  2 ,3 - d ip h e n y l -  
h e x a h y d ro q u in o x a l in e s  (D P H H Q ) ( ^  a n d  ^ ) . L e s s  s o lu b le  t r a n s -  
D P H H Q  (^  ) p re c ip i ta te s  fro m  th e  re a c t io n  m ix tu r e  a n d  can  be  o b ta in e d  
p u r e  b y  r e c r y s ta l l iz a t io n  fro m  a b s o lu te  e th a n o l.  T h e  a c id  h y d r o ly s is  o f  
re g e n e ra te s  t r a n s -D A C H  w h ic h  can  be  is o la te d  as th e  f r e e  d ia m in e  
a f t e r  b ase  w o r k - u p  as s h o w n  in  F ig u re  3. T h is  m e th o d  a lso  r e s u lt s  in  
a r e s id u e  e n r ic h e d  in  c is - D A C H . H o w e v e r , th e  r e s id u e  is  n o t  s u ita b le  
f o r  o b ta in in g  p u r e  c is -D A C H  in  re a s o n a b le  y ie ld .
g
T o f t lu n d  e t a l.  o b ta in e d  p u r e  c is -D A C H  fro m  a m ix tu r e  e n r ic h e d
in  th e  c is  is o m e r (90% c is ) b y  s e le c t iv e  p r e c ip i ta t io n  o f  th e  s u lfa te  ( F ig .
4 ) .  S im i la r ly ,  th e  d ih y d r o c h lo r id e  s a lt  o f  c is -D A C H  h as  b e e n  r e p o r te d
b y  L a n g e r  a n d  W h itn e y  to  p r e c ip i ta te  s e le c t iv e ly  f ro m  e th a n o l to  g iv e
22c is -D A C H  in  b e t t e r  th a n  90% p u r i t y .  H o w e v e r ,  th e  same a u th o rs  
r e p o r t  th a t  p u r e  t r a n s -D A C H  d ih y d r o c h lo r id e  s e le c t iv e ly  p r e c ip i ta te s  i f  
th e  s o lv e n t  is  c h a n g e d  to  m e th a n o l.  T h e  m o n o h y d ro c h lo r id e  s a lt  o f  
t r a n s - D A C H , o n  th e  o th e r  h a n d ,  is  le s s  s o lu b le  in  95% e th a n o l th a n  is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8th e  m o n o h y d ro c h lo r id e  o f  c is -D A C H  (p r e s e n t  w o r k ) . T h e s e  f in d in g s  a re  
s u m m a riz e d  in  F ig u re  5 .
F ig u re  3
S e p a ra t io n  o f  D A C H  Is o m e rs  v ia  D P H H Q
N H 2 
NHg
D A C H  M ix tu r e
o o
II II . 
Phc— CPh
B e n ze n e
— HoO
5 (R a ce m a te )
F ra c t io n a l
R e c ry s ta ll iz a t io n
 -------------------- -— ?» 5  (R a c e m a te )
1) H, H2O
2)OH®
t r a n s -D A C H  (R a c e m a te )
F ig u re  4
S e p a ra t io n  o f  D A C H  Is o m e rs  v ia  S u lfa te  S a lts
■NH2 H2SO4, H2O
EfOH
■ H 2S O4
H.
90%
10% t r a n s
S e le c t iv e ly  p r e c ip i ta te d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  5
S e p a ra t io n  o f  D A C H  Is o m e rs  v ia  H y d r o c h lo r id e  S a lts
N H 2
N H 2
c is - t r a n s
M ix tu r e
2 HCl





a N H 2
. 2 H
•N H 2
(R a ce m a te )
a N H 2
■ HCl
■ N H 2
(R a c e m a te )
Cl
2 HCl
13 23T h e  p ro c e d u re  d e v e lo p e d  b y  S a ito  e t a l.  ' to  s e p a ra te  c is  a n d  
t r a n s  is o m e rs  o f  D A C H  v ia  N i c o m p le x e s  is ,  p e r h a p s ,  th e  m os t c o n v e ­
n ie n t  m e th o d , e s p e c ia lly  f o r  p re p a ra t io n  o f  a la rg e  q u a n t i t y  o f  c is -D A C H  
( F ig .  6 ) .
I t  h as  a lso  b e e n  r e p o r te d  th a t  D A C H  d ia s te re o m e rs  ca n  be  
s e p a ra te d  b y  th in  la y e r  c h ro m a to g ra p h y  (T L C )  on  s i l ic a  g e l (e th a n o l:  
T H F :E tg N H :w a te r  = 6 :3 : 1 : 1 ;  R ^ = 0 .5 8  f o r  c is -D A C H  a n d  0 .4 5  fo r  
t r a n s - D A C H ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig u re  6
S e p a ra t io n  o f  D A C H  Is o m e rs  v ia  N i C o m p le xe s
-NHg MeOH Ni(cis-DACH),C1-
+  N i c u - s H a o  ---------------->  -  2 2
• N H 2  R T  Y e llo w  p o w d er
H C l,  th e n  N aO H  to  
F i l t r a t e  f ro m  a b o v e  ________________________ ^  N iC t r a n s -D A C H j^ C lg *  2HgO
p H  4 .2  -  4 .5 V io le t  p o w d e r
T a r t a r ic  a c id  r e s o lu t io n  a f fo r d s  o p t ic a l ly  a c t iv e  t r a n s - D A C H , 
m a k in g  th is  a s p e c ia l w a y  o f  o b ta in in g  th is  is o m e r ;  t a r t r a te s  o f  
c is -D A C H  a re  c o n s id e ra b ly  m o re  s o lu b le  in  w a te r  a n d  a re  r e ta in e d  in  
th e  m o th e r  l iq u o r  a lo n g  w i th  one d ia s te re o m e r ic  t r a n s -D A C H  t a r t r a t e .
D A C H  R e s o lu t io n
9 ,2 4T r a n s -D A C H  w as f i r s t  r e s o lv e d  b y  J a e g e r  e t a l.  ’ u s in g  ( + ) -
( R , R ) - t a r t a r i c  a c id ,  th e  is o m e r fo u n d  m ore  co m m on ly  in  n a tu r e .  S in ce
th e n ,  a n u m b e r  o f  r e s o lu t io n  p ro c e d u r e s ,  a l l  b a s e d  on  th e  fo rm a t io n  o f
d ia s te re o m e r ic  t a r t a r ic  a c id  s a lts  o f  D A C H , h a v e  b e e n  r e p o r t e d . 1 ^ '1 ^ ,2 5  29
O p t ic a l ly  a n d  c h e m ic a lly  p u r e  ( - ) - D A C H  is  o b ta in e d  b y  h y d r o ly s is  o f
th e  le s s  s o lu b le  ( R ,R ) - D A C H  - ( R , R ) - t a r t r a t e ,  r e c r y s ta l l iz e d  fro m  w a te r .
F re e  d ia m in e  is  r e c o v e re d  fro m  a q u e o u s  base  b y  c o n t in u o u s  e x t r a c t io n  
12 17 29
w ith  b e n z e n e  ’ ’ o r  b y  d i r e c t  d is t i l la t io n  o f th e  o rg a n ic  p h a s e  th a t
27is  s e p a ra te d  fro m  th e  b a s ic  a q u e o u s  p h a s e . T h e  la t t e r  m e th o d  is  
m ore  c o n v e n ie n t ,  a n d  th e  t im e -c o n s u m in g  c o n t in u o u s  e x t r a c t io n  does n o t
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s u b s ta n t ia l ly  in c re a s e  th e  f in a l  y ie ld  ( p r e s e n t  w o r k ) .  S o m e tim e s , d i r e c t  
d is t i l la t io n  o f  w e t D A C H  does n o t  g iv e  c le a n  f r a c t io n a t io n ;  d is t i l la t io n  
fro m  NaO H is  a lso  n o t  s a t is fa c t o r y ,  b u t  d is t i l la t io n  fro m  b e n z e n e  g iv e s  
c le a n  f r a c t io n a t io n  ( p r e s e n t  w o r k ) .
I t  is  im p o r ta n t  to  u se  a h ig h  g ra d e  r e s o lv in g  a g e n t ,  s u c h  as 
A ld r ic h  G o ld  L a b e l^ ^ ^  t a r t a r i c  a c id ,  in  o r d e r  to  o b ta in  p u r e  w h ite ,  
w e ll- fo rm e d  s a lt  a f t e r  o n e  r e c r y s ta l l i z a t io n .  U se  o f  a lo w e r  g ra d e  a c id  
g iv e s  b ro w n is h  s a lt  a n d  m ay r e q u i r e  re p e a te d  r e c r y s ta l l iz a t io n  to  o b ta in  
th e  same r e s u l t .
J a e g e r  a n d  o th e rs  a d d e d  one  m ore  e q u iv a le n t  o f  ( + ) - t a r t a r i c  a c id
a n d  e th a n o l to  th e  m o th e r  l iq u o r  le f t  fro m  r e s o lu t io n  to  p r e c ip i ta te
( S ,S ) - D A C H " 2 ( R , R ) - t a r t a r i c  a c id  h y d r a t e . 2 6 ,2 8  T re a tm e n t o f  th is
s a lt  w ith  b ase  g a v e  o p t ic a l ly  a c t iv e  ( + ) -D A C H .  T h e  (+ ) -D A C H  w as
f u r t h e r  p u r i f ie d  b y  f r a c t io n a l  r e c r y s ta l l iz a t io n  o f  i t s  d ih y d r o c h lo r id e
s a lt ,  w h ic h  was s e p a ra te d  fro m  ra c e m ic  s a lt  b y  h a n d !^ ^  B e ca u se  th is
m e th o d  is  in e f f i c ie n t .  L a n g e r  e t a l.  u s e d  s low  c r y s ta l l iz a t io n  o f  p a r t ia l ly
re s o lv e d  ( + ) -D A C H  fro m  a m e lt o r  fro m  h y d r o c a rb o n  s o lv e n t  to  in c re a s e  
29it s  o p t ic a l p u r i t y .
A lth o u g h  " u n n a tu r a l "  ( - ) - ( S , S ) - t a r t a r i c  a c id  is  m o re  e x p e n s iv e  
th a n  " n a t u r a l "  ( + ) - a c id ,  th e  m ir r o r  r e s o lu t io n  u s in g  ( - ) - a c id  is  th e  m o s t 
c o n v e n ie n t  m e th o d  o f  o b ta in in g  p u r e  ( + ) -D A C H .
T y p ic a l  re s o lu t io n  p ro c e d u re s  a re  g iv e n  in  th e  E x p e r im e n ta l 
S e c tio n .
D A C H  S y n th e s is
T h e re  a re  a n u m b e r  o f  w a y s  to  s y n th e s iz e  D A C H . P e rh a p s  th e  
m os t o b v io u s  w o u ld  be  th e  c a ta ly t ic  h y d ro g e n a t io n  o f  o -p h e n y le n e -  
d ia m in e , b u t  th e  p a te n t  l i t e r a t u r e  in d ic a te s  th a t  t h is  re a c t io n  r e s u lt s  in
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a m ix tu r e  o f  p r o d u c ts  a n d  is  th e r e fo r e  n o t  a p r e f e r r e d  s y n th e t ic
m e t h o d . O t h e r  s y n th e t ic  m e th o d s  a re  s u m m a r iz e d  in  T a b le  3.
32E in h o rn  a n d  B u l l  f i r s t  s y n th e s iz e d  D A C H  b y  th e  H o fm a n n
re a r ra n g e m e n t  o f  h e x a h y d r o a n th r a n i l ic  a c id  am ide  ( E n t r y  1 ) .  N e ith e r
th e  s te re o c h e m is t r y  o f  th e  s ta r t in g  m a te r ia l n o r  th a t  o f  th e  p r o d u c t  is
k n o w n ,  b u t  th e  r e p o r te d  m e lt in g  p o in t  o f  th e  b is b e n z e n e s u lfo n a m id e  o f
th e  p r o d u c t  is  c o n s is te n t  w i th  th a t  o f  th e  same d e r iv a t iv e  o f  t r a n s -
Q 24
D A C H  r e p o r te d  la t e r .  ’
33B y  th e  r e la te d  C u r t iu s  r e a r r a n g e m e n t ,  W ie la n d  e t a l.  p re p a re d
w h a t m ig h t  h a v e  b e e n  c is -D A C H  fro m  1 , 2 -c y c lo h e x a n e d ic a r b o x y l ic  a c id
o f  u n k n o w n  c o n f ig u r a t io n  ( E n t r y  2 ) .  T h is  m e th o d  w as la t e r  a p p lie d  b y
Y a s h u n s k ii  to  o b ta in  is o m e r ic a l ly  p u r e  c is -  a n d  t r a n s -D A C H  s ta r t in g
w ith  c y c lo h e x a n e d ic a rb o x y la te s  o f  k n o w n  c o n fig u ra tio n . I t  w as fo u n d
th a t  a c is - d ih y d r a z id e  in te rm e d ia te  ( p r e p a r e d  fro m  th e  c is - d ie s te r )
w o u ld  r e a r r a n g e  to  th e  t r a n s  is o m e r a t h ig h  te m p e ra tu re s  (120 -  130” )
to  g iv e  a t r a n s -D A C H  p r o d u c t .  H o w e v e r , th e  p re p a ra t io n  o f  a d ih y d r -
a z id e  a t roo m  te m p e ra tu re  fro m  th e  c is - d ie s te r  r e s u lte d  in  c is -D A C H
p r o d u c t  ( E n t r y  3 ) .  S im i la r ly ,  th e  S c h m id t re a r ra n g e m e n t o f  c is - c y c lo -
h e x a n e d ic a rb o x y l ic  a c id  g a v e  c is -D A C H  ( E n t r y  4 ) . ^ ^
J a e g e r  e t a l.  w e re  f i r s t  to  r e p o r t  t h a t  th e  r e d u c t io n  o f  1 , 2 - c y c lo -
9 24h e x a n e d io n e d io x im e  w i th  Na in  a b s . e th a n o l g a v e  t r a n s -D A C H . ’ T h e  
c o n f ig u r a t io n a l  a s s ig n m e n t w as d e m o n s tra te d  b y  r e s o lu t io n  o f  th e  
p r o d u c t  in to  tw o  o p t ic a l ly  a c t iv e  a n t ip o d e s  ( E n t r y  5 ) .  O th e rs ^ ^  a lso  
r e p o r te d  th e  p r e p a ra t io n  o f  t r a n s -D A C H  b y  th is  m e th o d . I t  is  n o t  c le a r  
w h y  th e  N a /E tO H  re d u c t io n  o f  th e  d io x im e  le a d s  to  th e  is o la t io n  o f  o n ly  
one  s te re o is o m e r ic  p r o d u c t ,  b u t  s in c e  th e  r e p o r te d  y ie ld s  a re  r e la t iv e ly  
low  (39  -  54% ), i t  is  id le  to  s p e c u la te  o n  th e  t r u e  s te r e o s e le c t iv i t y  o f
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H2,  EfOH 2) OH
th is  r e a c t io n .  G u l lo t t i  e t  a l.  c a r r ie d  o u t  a c a ta ly t ic  h y d ro g e n a t io n  o f 
th e  d io x im e  a n d  o b ta in e d  t r a n s -D A C H  in  30% y ie ld  a lo n g  w ith  a m ix tu r e  
o f  s e v e ra l b y - p r o d u c ts  ( E n t r y  6 ) .
T h e  same w o rk e rs  s y n th e s iz e d  t ra n s -D A C H  b y  th e  c a ta ly t ic  h y d r o ­
g e n a tio n  o f  a d ia z id e  o f  u n s p e c if ie d  c o n f ig u r a t io n  ( E n t r y  7 ) .  T h e
37m e th o d  d e v e lo p e d  b y  M in is c i e t a l.  w as u s e d  to  p re p a re  th e  i n t e r -
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m e d ia te  d ia z id e  fro m  c y c lo h e x e n e . T h e  d ia z id e  is  h a z a rd o u s  a n d  th e
o c c u r re n c e  o f  a " t e r r ib le  e x p lo s io n "  d u r in g  i t s  d is t i l la t io n  w as
, 1 28 r e p o r te d .
N ie ls e n  p re p a re d  d in i t r o  c o m p o u n d s  fro m  c y c lo h e x e n e  u s in g  N g O ^.
He s e p a ra te d  th e  d ia s te re o m e r ic  d in i t r o  in te r m e d ia te s , a n d  fro m  p u r e
t r a n s - d in i t r o c y c lo h e x a n e  t r a n s -D A C H  w as o b ta in e d  b y  r e d u c t io n  w i th  Fe
in  a c e tic  a c id .  H o w e v e r ,  he  w as n o t  a b le  to  is o la te  a n y  p u r e  c is -
d in i t r o c y c lo h e x a n e  a n d  w as th u s  u n a b le  to  p re p a re  c is -D A C H  b y  th is
m e th o d  ( E n t r y  8 ) . ^ ^
S im on r e p o r te d  a s y n th e t ic  r o u te  to  c is -D A C H  fro m  2 -h a lo c y c lo -
h e x a n o n e . C o n d e n s a tio n  w ith  u re a ,  h y d ro g e n a t io n  o f  th e  r e s u lt in g
im id a z o lo n e , a n d  h y d r o ly s is  o f  th e  im id a z o lid o n e  th u s  p ro d u c e d  y ie ld e d
c is -D A C H  ( E n t r y  9 ) .^ ®
39S w if t  a n d  S w e rn  s tu d ie d  s te re o s p e c if ic  s y n th e s e s  o f  c is  a n d
t r a n s -D A C H  ( F ig . 7 ) .  T h e i r  s y n th e s is  o f  t r a n s -D A C H  is  b a s e d  o n  th e  
m e th o d  f i r s t  r e p o r te d  b y  W in te rn itz  e t a l . ^ ^  w h ic h  in v o lv e s  th e  s te re o -  
s p e c if ic  t r a n s  r in g  o p e n in g  o f  an a z ir id in e  v / i th  a m m on ia . S w if t  e t a l.  
im p ro v e d  th e  y ie ld  o f  t r a n s -D A C H  b y  u s in g  a z id e  io n  r a th e r  th a n  
am m onia  a n d  s u b s e q u e n t ly  r e d u c in g  th e  a m in o a z id e  in te rm e d ia te  to  
d ia m in e  b y  h y d r o g e n a t io n .  T h is  r o u te  w as th e  c h o ic e  o f  la te r  
re s e a rc h e rs  to  o b ta in  t r a n s - D A C H .
G e n e ra l U ses o f  D A C H
D A C H  is  c i te d  as a v a lu a b le  in te rm e d ia te  f o r  th e  p ro d u c t io n  o f
d y e s tu f f s ,  t e x t i le  a s s is ta n ts ,  fu n g ic id e s ,  p e s t ic id e s  a n d  p h a rm a -  
19c e u t ic a ls .  I t  is  k n o w n  to  b e  a re p la c e m e n t fo r  H M D A  a n d  e th y le n e -  
d ia m in e  (E D A ) in  p o ly a m id e  a d h e s iv e s , p e tro le u m  c h e m ic a ls , e p o x id e s ,
7
a n d  u re th a n e s .  L a i p r e p a re d  D A C H  d e r iv a t iv e s  fo r  u s e  as p o ly m e r
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F ig u re  7 
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4?
s ta b i l iz e r s  ( F ig . 8 ) .
In  fo l lo w in g  s e c t io n s ,  s p e c if ic  a p p lic a t io n s  o f  D A C H  a n d  D A C H  
d e r iv a t iv e s  a re  d is c u s s e d .
S te re o c h e m is t ry  o f  t r i s  ( D A C H ) - T r a n s i t io n  M e ta l C o m p le x e s
T h e  s te re o c h e m is t r y  o f  t r i s ( b id e n ta te )  c o m p le x e s  o f  t r a n s i t io n  
m e ta ls  has b e e n  s tu d ie d  e x te n s iv e ly  b y  C D , O R D , a n d  X - r a y  m e th o d s .
E D A  is  p e rh a p s  th e  b e s t k n o w n  b id e n ta te  l ig a n d  u s e d  in  th e s e  s tu d ie s .
E D A  fo rm s  s ta b le  f iv e -m e m b e re d  c h e la te  r in g s  in  th e s e  o c ta h e d ra l 
c o m p le x e s . T h e  u se  o f  D A C H  as an  E D A  a n a lo g  is  a lso  w e l l - e s ta b l is h e d .^ ^  
J a e g e r  a n d  B i jk e r k  r e p o r te d  th e  p re p a ra t io n s  a n d  o p t ic a l  p r o p e r t ie s
9
o f  t r a n s -D A C H  c o m p le x e s  o f  t r i v a le n t  C o , C r ,  a n d  R h  io n s  in  1937.
In  th is  e a r ly  w o r k ,  th e r e  w as n o  d is c u s s io n  o f  th e  s te re o c h e m is t r y  o f  
th e s e  c o m p le x e s  in  te rm s  o f  t h e i r  a b s o lu te  c o n f ig u r a t io n s ,  a lth o u g h
25th e re  w as an a w a re n e s s  o f  th e  p o s s ib i l i t y  o f  th e  fo rm a t io n  o f  is o m e rs .
In  th e  o c ta h e d ra l,  t r i s  ( t r a n s -D A C H )  c o m p le x e s , th e re  a re  e ig h t
p o s s ib le  s te re o is o m e rs .  T w o  c a to p t r ic  (e n a n t io m e r ic )  s e r ie s , A a n d  y\.,
a r is e  fro m  th e  c o n f ig u r a t io n s  a ro u n d  th e  m e ta l io n .  In  th e  case o f
t r a n s -  D A C H  c o m p le x e s , th e  c o n fo rm a tio n s  o f  th e  c h e la te  r in g s  fo rm e d
b y  th e  l ig a n d  a re  f ix e d  b y  th e  a b s o lu te  c o n f ig u r a t io n  o f  th e  l ig a n d ;
f o r  ( - ) - ( R , R ) - D A C H  a n d  8  f o r  ( + ) - ( S ,S ) - D A C H .  F o r  e ach  o f  th e
c a to p t r ic  s e r ie s ,  th e re  a re  f o u r  p o s s ib le  d ia s te re o m e rs , d e s ig n a te d  as
25 44 45
le l^ ,  le lg o b , o b g le l,  a n d  o b ^ . * ’ T h e s e  s te re o is o m e rs  o f  t r a n s -
D A C H  c o m p le x e s  a re  s h o w n  in  T a b le  4 , w h e re  M is  a m e ta l c e n te r .
A s  can  b e  seen  in  th e  ta b le ,  o n ly  tw o  p o s s ib le  s te re o is o m e rs  can 
be  fo rm e d  fo r  o c ta h e d ra l c o m p le x e s  s ta r t in g  w ith  r e s o lv e d  D A C H  : A - le I g
a n d  fo r  ( - ) - ( R , R ) - D A C H  a n d  t h e i r  e n a n tio m e rs  _ A .- le lg  a n d  A ~ o b j
f o r  ( + ) - ( S , S ) - D A C H .  T h u s  th e  u se  o f  p u r e  D A C H  e n a n t io m e rs ,  r a th e r
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T able  4
F o u r  E n a n t io m e r ic  P a irs  o f  t r a n s -D A C H  C o m p le xe s
1. A- ’ M ( - ) - ( R , R ) - D A C H | ^ -  A A A ] A-lelg
A - ' M ( + ) - ( S , S ) - D / iC H | , - A-lelj
2. A - [ m ( - ) - ( R , R ) - D A C h ) 2 ( (  + ) - ( S , S ) - D A C h ) - > | > / ] A -lelgOb
A - [ m ( + ) - ( S , S ) - D A C h ) 2 ( ( - ) - ( R , R ) - D A C h ) - c5<5A ] A'lGlgOb
3. A - [ M ( + ) - ( S , S ) - D A C H l2 ( ( - ) - ( R , R ) - D A C n j - J ^ A l A -obglel
A - [ m ( - ) - ( r , r ) - d a c h ) 2 { ( + ) - ( s , s ) - d a c h ) - > . > . ^ ] A'obglel
4. A - [ M ( + ) - ( S ,S ) - D A C H |g - A -Obg
A - [ M ( - ) - ( r , r ) - d a c h ) 3 - \ x x ] A-ob^
th a n  th e  ra c e m a te , s im p lif ie s  th e  s te re o c h e m ic a l a n a ly s e s  o f  t r is ( D A C H )  
c o m p le x e s .
A t  f i r s t ,  th e  s te re o c h e m is t r y  o f  d ia m in e  c o m p le x e s  was s tu d ie d  b y  
C D  a n d  O R D  m e th o d s  to  c o r re la te  th e  a b s o lu te  c o n f ig u r a t io n s  o f  com ­
p le x e s  a n d  o f  c h ir a l  l ig a n d s .  In  th is  w a y , th e  a b s o lu te  c o n f ig u r a t io n s
3
o f  t r a n s -D A C H  e n a n tio m e rs  w e re  f i r s t  a s s ig n e d . M ore  r e c e n t ly ,  
s te re o c h e m ic a l s tu d ie s  o f  c o m p le x e s  h a v e  b e e n  a c c o m p lis h e d  b y  X - r a y  
c r y s ta l lo g r a p h y .  T h u s  in  1970, M arum o  e t a l.  c o n f irm e d  th e  a s s ig n m e n t 
o f  a b s o lu te  c o n f ig u r a t io n s  to  th e  t r a n s -D A C H  e n a n tio m e rs  b y  
d e te rm in in g  th e  s t r u c t u r e  o f  c r y s ta l l in e  [ C o | ( + ) - D A C h ]  ^ ] C l^ '
5H gO . ^ S in ce  th e n  th e  l i s t  o f  a b s o lu te  c o n f ig u r a t io n a l  a s s ig n m e n ts  f o r  
c o m p le x e s  o f  D A C H  a n d  o th e r  l ig a n d s  has  g ro w n  w i th  an  in c re a s in g  
r a te .  T h e  g re a te r  u se  o f  X - r a y  a n a ly s is  h a s  b e e n  m ade p o s s ib le  b y
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43r a p id  im p ro v e m e n ts  in  b o th  e x p e r im e n ta l a n d  c o m p u ta t io n a l te c h n iq u e s .
T o d a y ,  th e  o p t ic a l  a n d  X - r a y  m e th o d s  c o m p le m e n t each  o th e r ,  a n d
th e  a b s o lu te  c o n f ig u r a t io n s  o f  t r a n s i t io n  m e ta l c o m p le x e s  can be
a s s ig n e d  w i th  re a s o n a b le  c e r ta in t y  on  th e  b a s is  o f  t h e i r  CD s p e c t ra ,
w h ic h  a re  o b ta in e d  b y  s im p le r  e x p e r im e n ta l m eans th a n  d a ta  r e q u ir e d
f o r  th e  X - r a y  m e th o d . A  v a l id  CD a s s ig n m e n t,  h o w e v e r ,  d e p e n d s
c r i t ic a l ly  on  th e  c h o ic e  o f  a p p ro p r ia te  re fe re n c e  co m p le x e s  w hose
a b s o lu te  c o n f ig u r a t io n s  h a v e  b e e n  d e te rm in e d  b y  th e  X - r a y  m e th o d  a n d
43w h o se  d e ta ile d  CD s p e c t ra  a re  a lso  k n o w n .
T w o  p o s s ib le  s te re o is o m e rs  o f  th e  t r i s [ ( - ) - ( R , R ) - D A C H ] c o m p le x  o f  
Co ( I I I )  w e re  p re p a re d  a n d  c h a ra c te r iz e d  b y  P ip e r  a n d  K a r ip id e s  in
1964 46 O ne o f  th e s e  is o m e rs  w as r e p o r te d  b y  J a e g e r  a n d  B i jk e r k  in
1937. A n a lo g o u s  c o m p le x e s  o f  R h  ( I I I ) , I r  ( I I I ) , a n d  C r  ( I I I )  a re  a lso  
45k n o w n . In  1976, H a rn u n g  e t a l.  p re p a re d  a n d  s e p a ra te d  a ll e ig h t
s te re o is o m e rs  o f  th e  Co ( I I I ) - t r i s  ( t r a n s -D A C H )  c o m p le x  a n d  d e te rm in e d
45th e  r e la t iv e  e q u il ib r iu m  c o n s ta n ts  f o r  th e  d ia s te re o m e rs .
W ith  c is -D A C H , f o u r  s te re o is o m e rs  o f  th e  Co ( I I I )  a nd  C r  ( I I I )
g
c o m p le x e s  h a v e  b e e n  r e p o r te d  b y  T o f t lu n d  a n d  L a ie r .  T h e s e  is o m e rs  
r e p re s e n t  tw o  e n a n t io m e r ic  p a ir s  o f  s te re o is o m e rs  a r is in g  fro m  th e  
s p a t ia l a r ra n g e m e n t o f  tw o  d is s y m m e tr ic  c e n te rs  o f  th e  l ig a n d  a n d  a re  
nam ed  fa c  ( fa c ia l)  a n d  m e r ( m e r id io n a l) .  A s  in  th e  case w ith  t r i s -  
( t r a n s -D A C H )  c o m p le x , e ach  c h e la te  r in g  m ay be  o n e  o f  tw o  c o n fo rm a ­
t io n s ,  le i o r  o b ,  in  t h e o r y ,  g iv in g  e ig h t  e n a n t io m e r ic  p a ir s  o f  
m e r- is o m e rs  a n d  fo u r  e n a n t io m e r ic  p a ir s  o f  fa c - is o m e rs .  H o w e v e r , th e  
c y c lo h e x a n e  r in g  in v e r s io n  a t room  te m p e ra tu re  was fo u n d  to  be  to o
r a p id  to  a llo w  th e  is o la t io n  o f  le i -  a n d  o b -c o n fo rm e rs  o f  fa c  a n d  m er 
8is o m e rs .
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S q u a re -P la n a r  D A C H  C o m p le xe s
T h e  u se  o f  b is (D A C H )  c o m p le x e s  o f  N i ( I I )  f o r  th e  s e p a ra t io n  o f  c is  
a n d  t ra n s  is o m e rs  o f  D A C H  fro m  a co m m e rc ia l D A C H  m ix tu r e  h as  a lre a d y  
bee n  d e s c r ib e d .
D A C H  fo rm s  d iim in e s  ( S c h if f  b a s e s ) w h e n  a llo w e d  to  r e a c t  w ith  
a ld e h y d e s  a n d  k e to n e s  s u c h  as s a lic y la ld é h y d e  a n d  o -a m in o b e n z a ld e -  
h y d e .^ ^  T h e s e  d iim in e s  a c t as te t r a d e n ta te  l ig a n d s  a n d  th e y  fo rm  
s q u a re -p la n a r  c o m p le x e s  w i th  C u ( I I )  io n s .  T h e  o p t ic a l  p r o p e r t ie s  o f  
th e s e  c o m p le x e s  p r e p a re d  fro m  th e  t r a n s -D A C H  e n a n tio m e r  h a v e  been  
s tu d ie d .
A s an e xa m p le  o f  "c o m p a r tm e n ta l"  l ig a n d s ,  B a ile y  e t a l.  p re p a re d  a
d e r iv a t iv e  o f  c is -D A C H , 6 w i th  tw o  d i f f e r e n t  c o o rd in a t io n  s ite s ^ ^----
( F ig .  9 ) .  T h e  d io x o u ra n iu m  ( V I )  c a t io n  has bee n  fo u n d  to  o c c u p y  o n ly
th e  o u te r  c o m p a rtm e n t a n d  i t  r e ta in s  a w a te r  m o le cu le  ( s o lv e n t )  in  o r d e r
to  a c h ie v e  s e v e n -c o o r d in a t io n .  In  c o n t r a s t ,  th e  C u ( I I )  c a tio n  h as  bee n
fo u n d  to  o c c u p y  th e  in n e r  c o m p a r tm e n t. T h e  X - r a y  c r y s ta l lo g r a p h ic
d a ta  h a v e  sh o w n  a m a rk e d  te t r a h e d r a l  tw is t  a w a y  fro m  th e  e x p e c te d
s q u a re -p la n e  in  th e  C u ( I I )  c o m p le x .
T h e  D A C H  d iim in e  c o m p le x  o f  C o ( I I )  is  an a n a lo g  o f  C o (s a le n )
( F ig . 1 0 ) .  C o (s a le n )  a n d  c o b a lo x im e  h a v e  b e e n  s tu d ie d  as a m ode l fo r
48-49th e  c o e n z y m e . V ita m in  B ^ ^ .  C h ir a l  C o ( I )  a n d  C o ( I I I )  co m p le xe s  o f
D A C H  d iim in e  h a v e  b e e n  u s e d  in  a k in e t ic  r e s o lu t io n  o f  p ro p y le n e  
15 50-53
o x id e  ' a n d  in  a n o th e r  k in e t ic  r e s o lu t io n  o f  an  am ino  a c id
54d e r iv a t iv e .  T h e  a p p lic a t io n  o f  c h ir a l  D A C H  c o m p le x e s  w i l l  be
d is c u s s e d  la t e r .
S q u a re -p la n a r  P t c o m p le x e s  o f  D A C H  h a v e  b e e n  fo u n d  to  h a v e  h ig h
55-57a c t iv i t y  as a n t i - tu m o r  a g e n ts .
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F ig u re  10
V ita m in  M ode ls
N —= N
C o ( s a l e n )
C obalo x im e
A n t i - T u m o r  P t ( I I )  C o m p le x
R o s e n b e rg 's  d is c o v e r y ^ ^  o f  th e  a n t i - tu m o r  a c t i v i t y  o f  c is - d ic h lo r o -
d ia m m in e p la t in u m ( I I )  (D D P ) in  th e  la te  1960 's  p ro m p te d  th e  s y n th e s is
a n d  p h a rm a c o lo g ic a l s tu d y  o f  s t r u c t u r a l l y  r e la te d  c o m p le x e s . O f 52
o rg a n o p la t in u m  c o m p o u n d s  te s te d  b y  M e isch e n  e t a l . ,  f iv e  w e re
D A C H -P t c o m p le x e s ^^  , F ig . 1 1 ) . I t  w as s h o w n  th a t  D A C H -P t
co m p le xe s  w e re  m ore  e f fe c t iv e  th a n  D D P a g a in s t  L1210 le u k e m ia  o n  an
e q u im o la r  dose  b a s is .  R e p la c e m e n t o f  c h lo r id e  w i th  o th e r  a n io n s
in c re a s e d  th e  w a t e r - s o lu b i l i t y  (an  im p o r ta n t  r e q u ir e m e n t  f o r  P hase  1
in t r a v e n o u s  a d m in is t r a t io n  o f  p o te n t ia l ly  u s e fu l  a n t i - tu m o r  a g e n ts )  a n d
55d e c re a s e d  th e  r e n a l t o x ic i t y  
B y  A u g u s t  1980, 1100 
o f  th e m  s h o w e d  some a n t i - c a n c e r  a c t iv i t y . " '^  D A C H  d e r iv a t iv e  ( 12 ) 
w as fo u n d  to  be  p a r t i c u la r l y  p ro m is i 
D DP in  h um an  c a n c e r  c h e m o th e ra p y .
p la t in u m  c o m p o u n d s  h a d  b e e n  te s te d  a n d  212
59
n g  as a s u b s t i t u te  f o r  h ig h ly  to x ic
60
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T h e  s te re o c h e m is t r y  o f  th e  D A C H  l ig a n d  is  r e la te d  to  b io lo g ic a l 
a c t iv i t y  in  th e s e  c o m p le x e s . F o r  c o m p o u n d  i t  h a s  b e e n  fo u n d  th a t
a ra c e m ic  t r a n s -D A C H  l ig a n d  g iv e s  a c o m p le x  th a t  is  m o re  a c t iv e  th a n  
th a t  o f  a c o m p le x  p re p a re d  fro m  c is - D A C H . F u r th e r m o r e ,  a c o m p le x  
p re p a re d  fro m  ( - ) - ( R , R ) - D A C H  is  m o re  a c t iv e  th a n  one  p re p a re d  fro m  
( + ) - ( S , S ) - t r a n s - D A C H . U n f o r tu n a te ly ,  th e  s te re o c h e m is t r y  o f  th e  
D A C H  l ig a n d  is  o f te n  n o t  s p e c if ie d  in  th e  l i t e r a t u r e  on  P t c o m p le x e s . 
T h e  N a t io n a l C a n c e r  I n s t i t u t e  fo u n d  th a t  some o f  th e  D A C H  u s e d  to  
p re p a re  P t c o m p le x e s  f o r  c l in ic a l  te s t in g  w as n o t  o f  h ig h  c h e m ic a l a n d  
s te re o is o m e r ic  p u r i t y . T h e  a b i l i t y  to  p re p a re  a l l  o f  th e  s te re o is o m e rs  
o f  D A C H  in  h ig h  c h e m ic a l a n d  is o m e r ic  p u r i t y  is  o b v io u s ly  im p o r ta n t ,  
a n d  th is  a u th o r  a n d  c o -w o r k e rs  h a v e  p a r t ic ip a te d  in  a p u rc h a s e  o rd e r  
p ro g ra m  to  p ro v id e  D A C H -P t c o m p o u n d s  f o r  N C I.
R o s e n b e rg  e t a l.  h a v e  r e p o r te d  th a t  w h e re a s  D D P is  in e f fe c t iv e  
a g a in s t  c e r ta in  a n im a l c o lo n  c a n c e rs  a p a lla d iu m  c o m p le x  o f  D A C H  ( 13^ ) 
is  e f fe c t iv e .
D A C H  - T e t r a a c e t ic  A c id
E th y le n e d ia m in e -N , N , N ' , N '- te t r a a c e t ic  a c id  (E D T A )  a n d  i t s  a n a lo g
t r a n s - 1 , 2 -d ia m in o c y c lo h e x a n e -N , N , N ' , N '- te t r a a c e t ic  a c id  ( t r a n s -
D A C H T A )  a re  k n o w n  to  c h e la te  m a n y  m e ta l i o n s . ^ ^ '^ ^  W ith  m os t m e ta l
io n s ,  th e  c o m p le x e s  o f  t r a n s -D A C H  T A  a re  m ore  s ta b le  th a n  th o s e  o f 
27
E D T A . B e ca u se  o f  th is  s t a b i l i t y ,  t r a n s -D A C H T A  is  a u s e fu l  c o m p le x -  
in g  a g e n t in  a n a ly t ic a l  r e a c t io n s .
F o r  e x a m p le , C a r r  a n d  S w a r tz fa g e r  h a v e  d e s c r ib e d  a c o m p le x o -  
m e tr ic  t i t r a t io n  f o r  th e  d e te rm in a t io n  o f  s o d iu m  io n  in  th e  p re s e n c e  o f  
o th e r  a lk a l i  m e ta l io n s ,  a lk a l in e  e a r th  m e ta l io n s ,  t r a n s i t io n  m e ta l io n s ,  
a n d  r a r e  e a r th  m e ta l io n s  u s in g  t r a n s -D A C H T A  as a c h e la t in g  l ig a n d .
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T h e  m e ta l io n s  th a t  fo rm  s t r o n g e r  c o m p le x e s  w i th  t r a n s -D A C H T A  th a n  
s o d iu m  a re  t i t r a t e d  f i r s t  to  a v is u a l o r  p o te n t io m e tr ic  e n d  p o in t ,  th e n  
th e  so d iu m  e n d  p o in t  is  d e te rm in e d  u s in g  a so d iu m  io n  s e le c t iv e  
e le c tro d e .
H e x a d e n ta te  Co ( I I I )  c o m p le x e s  o f  t r a n s -D A C H T A  a re  fo rm e d  
s te r e o s e le c t iv e ly , g iv in g  o n ly  tw o  o f  f o u r  th e o r e t ic a l ly  p o s s ib le  is o m e rs : 
( + )5l X ( C o ( - ) - t r a n s -D A C H T A ]  ^  a n d  ( - ) g ^ ^ -  ( C o ( + ) - t r a n s -D A C H T A ] Q .  2 7 .6 6
T h is  k in d  o f  s te re o s e le c t iv e  c o m p le x a tio n  is  u s e d  to  a d v a n ta g e  in  th e
? 7 *
s p e c t r o p o la r im e t r ic  t i t r a t io n  o f  le a d .  ( - ) - ( R , R ) - t r a n s -D A C H T A
(p r e p a r e d  fro m  ( - ) - ( R , R ) - t r a n s -D A C H  b y  re a c t io n  w i th  C lC H g C O ^N a )
w as u s e d  as a c h e lo m e tr ic  r e a g e n t .  T h e  o p t ic a l  r o ta t io n  o f  th e  s y s te m
w as m o n ito re d  d u r in g  th e  t i t r a t io n  a n d  th e  la rg e  m o la r  r o ta t io n  o f  th e
27co m p le x  g a v e  a c le a r  e n d  p o in t  b y  g ra p h ic a l e x t r a p o la t io n .
L ith iu m  C h e la te s
P o ly e th y le n e  p o ly a m in e s  fo rm  c o m p le x e s  s e le c t iv e ly  w ith  in o rg a n ic  
s a lts  o f  a lk a lin e  a n d  a lk a l in e  e a r th  m e ta ls . T h is  is  th e  b a s is  f o r  an 
im p o r ta n t  m e th o d  o f  s e p a ra t in g  in d iv id u a l  p o ly a m in e s  fro m  m u l t i -  
co m p o n e n t s a m p l e s . T h u s ,  a t r i s ( ^ - d im e th y la m in o e th y l) a m in e  
( is o -H M T T )  im p u r i t y  can  be  re m o v e d  fro m  N , N , N ', N "  ,N '” , N '" - h e x a -  
m e th y l t r ie th y le n e te t r a m in e  ( n -H M T T )  b y  s e le c t iv e  c o m p le x a tio n  o f  
is o -H M T T  w ith  L iB r  in  h e p ta n e .  O th e rw is e ,  th e  s e p a ra t io n  o f  n -H M T T  
fro m  is o -H M T T  is  e x t re m e ly  d i f f i c u l t .  T h e  fa c ile  s e p a ra t io n  o f  
d ia s te re o m e rs  o f  N , N , N ' , N '- t e t r a m e t h y l - l ,  2 -d ia m in o c y c lo h e x a n e  (T M D A C H )
* T h e  d ir e c t  r e s o lu t io n  o f  ra c e m ic  t r a n s -D A C H T A  w ith  ( + ) - p h e n y l -  
e th y la m in e ,  ( - ) - q u in in e  a n d  ( + ) - c in c h o n in e  has  b e e n  u n s u c c e s s fu l.  T h e  
e n a n tio m e rs  o f  t r a n s -D A C H T A  h a v e  b e e n  o b ta in e d  b y  th e  d e c o m p o s itio n  
o f  th e  c o b a lt  ( I I I )  c o m p le x  w h ic h  h as  b e e n  re s o lv e d  th r o u g h  th e  
c is - d in i t r o b is  ( e th y le n e d ia m in e ) - c o b a lt ( I I I )  s a lt  (R e f 6 6 ) .




22 67b y  an  a n a lo g o u s  m e th o d  has b e e n  r e p o r te d .  ’ F o r  e x a m p le , a 
g ro s s ly  im p u re  d ia m in e  m ix tu r e  (23% t r a n s -T M D A C H ; 43% 1 ,3 -T M D A C H * ;  
31.7% c is -T M D A C H  ; 1.7% u n k n o w n )  g a v e  a p u r e  t r a n s -T M D A C H  « L iB r  
co m p le x  w h e n  t r e a te d  w i th  10 mole- % L iB r .
In  a c o m p e t it iv e  r e a c t io n ,  t r a n s -T M D A C H  p r e fe r e n t ia l ly  fo rm s  L iB r  
c o m p le x , b u t  th e  L iB r  c o m p le x  o f  c is -T M D A C H  can be  p re p a re d  b y  a 
s to ic h io m e tr ic  r e a c t io n  b e tw e e n  c is -T M D A C H  a n d  L iB r . ^ ^  T h e  c o m p le x a ­
t io n  w i th  M gC lg " OHgO, on  th e  o th e r  h a n d ,  s h o w s  th e  r e v e r s a l  o f  th is
s e le c t iv i t y  a n d  c is -T M D A C H  p r e f e r e n t ia l ly  fo rm s  an in s o lu b le  M g C l^
1 67c o m p le x .
N -T e tra m e th y la te d  D A C H  a n d  E D A  fo rm  h y d r o c a r  b o n -s o lu b le  
co m p le xe s  w ith  L iA lH ^  a n d  N a B H ^ . T h e s e  c o m p le x e s  h a v e  bee n  
r e p o r te d  to  re d u c e  m a n y  o rg a n ic  fu n c t io n a l  g ro u p s  in c lu d in g  a ld e h y d e s ,  
k e to n e s , e s te r s ,  a n d  a c id  a n h y d r id e s  in  a ro m a tic  h y d r o c a rb o n  s o lv e n ts  
s u c h  as b e n z e n e  a n d  to lu e n e .  T h e  re d u c t io n  is  m u ch  fa s te r  a n d  th e  
y ie ld s  a re  m uch  h ig h e r  th a n  in  th e  a n a lo g o u s  r e d u c t io n  b y  L iA lH ^  a lo ne  
in  e t h e r . A s y m m e t r i c  s y n th e s e s  w i th  L iA lH ^  a n d  o rg a n o li th iu m  
c o m p le x e s  o f  c h ir a l  t r a n s -T M D A C H  w i l l  be  d e s c r ib e d  la t e r .
D A C H -D e r iv e d  A n io n  C h e la te s
In  p re v io u s  s e c t io n s ,  th e  c o m p le x a tio n  o f  c a t io n s  (m e ta l io n s )  b y
d ia m in e s  has b e e n  d e s c r ib e d .  A lth o u g h  th e  c a tio n  c o o rd in a t io n
c h e m is t ry  is  w e l l - s tu d ie d ,  th e  c o o rd in a t io n  c h e m is t r y  o f  a n io n s  has
re c e iv e d  o n ly  l im ite d  s t u d y .  In  L e h n 's  s t u d y ,  a p o ly  g u a n id in iu m
d e r iv a t iv e  o f  t r a n s -D A C H  is  in c lu d e d  as an e xa m p le  o f  a n io n  c o m p le x in g  
41a g e n t .  C o m p a re d  to  th e  s t a b i l i t y  o f  c o m p le x e s  o f  n o n -c h e la t in g
* N , N , N ' , N ' - T e t r a m e t h y l - l , 3 -d ia m in o c y c lo h e x a n e
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a g e n ts ,  th e  s t a b i l i t y  o f  c o m p le x e s  o f  c h e la t in g  a g e n ts  is  o f te n  m a rk e d ly
in c re a s e d .  S u c h  a p h e n o m e n o n  is  c a lle d  "c h e la te  e f f e c t "  a n d  i t  is  v e r y
la rg e  fo r  c a t io n  c o o rd in a t io n  (C a ^ ^ -E D T A  c o m p le x  is  10^^ tim e s  m ore
s ta b le  th a n  c a lc iu m  a c e ta te ) . R e la t iv e  to  c o m p le x a tio n  b y  d ie t h y l -
g u a n id in iu m  ( 1 ^ ) ,  c h e la t io n  o f  P O ^ a n io n  b y  p o ly  g u a n id in iu m  io n s
s u c h  as E D G , T R E G  a n d  ED TE G  ( F ig . 12) h as  s h o w n  s t a b i l i t y  in c re a s e s
2 3o n ly  on  th e  o r d e r  o f  10 to  10 . T h e  s t a b i l i t y  in c re a s e  in  th e s e  
re a c t io n s  is  a t t r ib u t e d  la r g e ly  to  an  in c re a s e  in  e le c t r o s ta t ic  
c h a rg e -c h a rg e  in te r a c t io n s .  A lth o u g h  th e  c h e la te  e f fe c t  f o r  a n io n  
c o m p le x a tio n  w as fo u n d  to  be  v e r y  s m a ll, L e h n  s u g g e s ts  th a t  i t  m ay 
s t i l l  h a v e  s ig n i f ic a n t  e f fe c ts  in  b io lo g ic a l s y s te m s  o n  th e  a n io n  t r a n s p o r t  
a c ro s s  m em bran e s  a n d  o n  th e  a n io n  b in d in g  b y  r e c e p to r  s i te s  o f  b io ­
m a c ro m o le cu le s  .
C h ir a l  D A C H  D e r iv a t iv e s
A s  a lre a d y  m e n tio n e d , b o th  e n a n tio m e rs  o f  t r a n s -D A C H  a re  r e a d i ly  
a v a ila b le  b y  th e  t a r t a r ic  a c id  r e s o lu t io n .  T h e s e  is o m e rs  a n d  t h e i r  
d e r iv a t iv e s  a re  u s e fu l  as c h ir a l  m o d if ie rs  f o r  re a g e n ts  u s e d  in  
a s y m m e tr ic  s y n th e s e s  a n d  as re fe re n c e  c o m p o u n d s  f o r  s te re o c h e m ic a l 
c o r r e la t io n s .
T h e  d ib e n z o y l d e r iv a t iv e  o f  ( R , R ) - t r a n s - D A C H , ( ] ^ )  ( F ig . 13)
has b e e n  u s e d  as a r e fe re n c e  in  th e  CD s tu d y  o f  a m in o  a c id  c o n fo rm a -
70tio n  a n d  in  an e x te n s io n  o f  a c h i r a l i t y  r u le  to  th e  b e n z a m id e  s y s te m .
O sm ate  E s te r  C o m p le x  o f  T M D A C H
T h e  s te re o c h e m is t r y  o f  g ly c o ls  h as  b e e n  s tu d ie d  b y  p ro to n  n u c le a r
m a g n e tic  re s o n a n c e  (N M R ) s p e c tro s c o p y  u s in g  T M D A C H  as a c h ir a l  l ig a n d
71in  th e  fo rm a t io n  o f  d ia s te re o m e r ic  o s m a te ( IV )  e s te rs  ( F ig . 1 4 ) .
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O sm ate  E s te r  F o rm a tio n
O S 2 0 g P y 4
M ^ P y
I  _ M e 2
TMDACH ' II
 > b s '
M e 2
F o r  th e  ( R ,R ) - 2 ,3 - b u ta n e d io l  o s m a te ( IV )  e s te r  a n d  ( - ) - ( R , R ) -  
T M D A C H , tw o  N -m e th y l s ig n a ls  w e re  o b s e rv e d  a t J 2 .9 5  a n d  2 .5 8  p p m .
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T h e  same e s te r  t r e a te d  w i th  ( + ) - ( S ,S ) - T M D A C H ,  in  c o n t r a s t ,  h a d  
s ig n a ls  f o r  d ia s te re o m e r ic  N -m e th y l g ro u p s  a t< J 3 .0 0  a n d  2 .5 2 . In  th e  
g e n e ra l case w h e re  th e  tw o  c h ir a l  c e n te rs  o f  a g ly c o l a re  n o t  c h e m ic a l 
s h i f t  e q u iv a le n t ,  a l l  f o u r  N -m e th y l g ro u p s  o f  T M D A C H  becom e c h e m ica l 
s h i f t  n o n e q u iv a le n t  a n d  g iv e  r is e  to  fo u r  s e p a ra te  re s o n a n c e s . T h e  
r e p o r te d  c h e m ic a l s h i f t  d i f fe r e n c e  o f  d ia s te re o m e r ic  c o m p le x e s  is  v e r y  
sm a ll ( J  0 .0 0  -  0 .0 4  p p m ) b u t  th e  a u th o rs  fo u n d  th e m  u s e fu l  in  
a s s ig n in g  th e  a b s o lu te  c o n f ig u r a t io n  o f  an  ( X - is o p r o p y l -  c /,  d i ­
h y d r o x y  b u t y r i c  a c id  f r a g m e n t  o b ta in e d  b y  a lk a lin e  h y d r o ly s is  o f
71p y r r o l iz id in e  a lk a lo id .
A s y m m e tr ic  R e a c tio n s  in v o lv in g  D A C H
K in e t ic  R e s o lu t io n  o f  P ro p y le n e  O x id e
P ro p y le n e  o x id e  is  a u s e fu l  c h ir a l  f r a g m e n t f o r  n a tu r a l  p r o d u c t  
72
s y n th e s is .  B o th  e n a n tio m e rs  o f  p ro p y le n e  o x id e  can  be  p re p a re d  fro m
72 73n a tu r a l ly  o c c u r in g  ( + ) - la c t ic  a c id .  ’ In  th e  schem e s h o w n  in  F ig u re
15, th e  o p t ic a l p u r i t y  o f  th e  e p o x id e  p r o d u c t  is  d e p e n d e n t on  th e  r e g io -
s e le c t iv i t y  o f  th e  s u lf o n y la t io n  in  th e  in te rm e d ia te  g ly c o l .  I t  h as  bee n
e s ta b lis h e d  th a t  th e  u s e  o f  a h in d e re d  s u lf o n y la t in g  a g e n t s u c h  as
t r i p s y l  c h lo r id e  ( F ig . 16) g iv e s  h ig h ly  o p t ic a l ly  p u r e  p ro p y le n e  o x id e
74b y  a s s u r in g  h ig h  s u lfo n y la t io n  r e g io s e le c t iv i t y .
K in e t ic  r e s o lu t io n  is  a n o th e r  r o u te  f o r  th e  p re p a ra t io n  o f  c h ir a l  
c o m p o u n d s . In  th e  p r e p a ra t io n  o f  p ro p y le n e  o x id e  b y  a k in e t ic  r e s o lu ­
t io n  p ro c e d u r e ,  th e  u se  o f  a c h ir a l  c a ta ly s t  th a t  in c o rp o ra te s  D A C H  has
,  ^ , 1 5 ,5 0 -5 3b e e n  r e p o r te d .
T h e  C o (s a le n )  a n a lo g , N , N ' - b is ( s a l i c y la ld e h y d e ) - ( R , R ) - l , 2 - t r a n s -  
c y c lo h e x a n e d iim in a to c o b a l t ( I I ) , ( 16 ) ,  [  C o ( I I )  ( s a l) ^  | ( R , R ) - D A C h | ]  ,
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fo rm s  a L i [  Co( I)  ( s a l) ^  | ( R , R ) - D A C H j ]  s a lt  on r e d u c t io n  w ith  L iA lH ^
s i t u . T h is  c h ir a l  C o ( I )  c o m p le x  p r e fe r e n t ia l ly  re a c ts  w i th  ( - ) - ( S ) -
p ro p y le n e  o x id e  w i th  r e p o r te d  s te r e o s e le c t iv i t y  u p  to  95%. H o w e v e r ,
th is  p a r t ic u la r  m e th o d  is  o f  l i t t l e  s y n th e t ic  u t i l i t y  s in c e  th e  r e p o r te d
15c o n v e rs io n  is  a m ere  3% a f te r  16 d a y s .
F ig u re  17





R = H 1 6  
Cl 1 7
O f m a in ly  th e o re t ic a l  in t e r e s t  is  th e  fa c t  t h a t ,  in  c o n t r a s t ,  th e  
C o ( I )  c o m p le x  p re p a re d  b y  th e  re a c t io n  o f  w i th  B u L i re a c ts  p r e f ­
e r e n t ia l ly  w i th  ( + ) - ( R ) - p r o p y le n e  o x i d e . A d d i n g  L e w is  a c id  to  th e  
C o ( I I ) - B u L i  s y s te m  a f fe c ts  th e  a s y m m e tr ic  s e le c t iv i t y  so th a t  th e  c h ir a l  
c a ta ly s t  p r e fe r e n t ia l ly  r e a c ts  w ith  ( - ) - ( S ) - p r o p y le n e  o x id e .  T h e  
a u th o rs  s u g g e s t th a t  a la n e , A lH ^ ,  p re s e n t  in  th e  r e a c t io n  m ed ium  is  
a c t in g  as a L e w is  a c id  a n d  th a t  th e  a c t iv e  C o ( l I ) - L iA lH ^  s y s te m  fo rm s  a
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c o m p le x  L i [ C o ( I )  ( s a l )2( ( R iR ) ~ D A C H } ]  " A lH ^ .
M ore  r e c e n t ly ,  th e  k in e t ic  r e s o lu t io n  o f  p ro p y le n e  c h lo r o h y d r in  w as
c a r r ie d  o u t  to  y ie ld  o p t ic a l ly  a c t iv e  p ro p y le n e  o x id e  b y  b ase  p ro m o te d
c y c l iz a t io n  in  th e  p re s e n c e  o f  a n d  Co ( I I I )  c o m p le x  p re p a re d  b y  th e
52 53re a c t io n  o f  16 w i th  io d in e .  ’ T h e  b e s t a s y m m e tr ic  in d u c t io n  w as
o b s e rv e d  f o r  th e  c y c l iz a t io n  o f  1 , 3 - d ic h lo r o - 2 - p r o p a n o l  c a ta ly z e d  b y  th e  
C o ( I I )  c o m p le x  17^ , g iv in g  c h lo ro m e th y lo x ir a n e  o f  60% e n a n t io m e r ic  
e x c e s s  ( e . e . )  in  53% y ie ld .  A n  a n a lo g o u s  N i ( I I )  c o m p le x  g a v e  n o  
a s y m m e tr ic  in d u c t io n .  T h e  a s y m m e tr ic  in d u c t io n  is  th o u g h t  to  o c c u r  b y  
th e  a c t io n  o f  an  a d d it io n  c o m p le x  fo rm e d  b y  th e  c h ir a l  c a ta ly s t  a n d  
KgC O g b a s e . I t  w as o b s e rv e d  th a t  K ^C O g  is  s p a r in g ly  s o lu b le  in
m e th y le n e  c h lo r id e  b u t  becom es s o lu b le  in  th e  p re s e n c e  o f  th e  m e ta l
1 53c o m p le x .
A lth o u g h  th e  o p t ic a l  a n d  c h e m ic a l y ie ld s  o f  th e s e  re a c t io n s  l im i t  
t h e i r  s y n th e t ic  u t i l i t y ,  th e  th o ro u g h n e s s  o f  th e  s tu d y  a llo w e d  th e  
fo rm u la t io n  o f  an  a s y m m e tr ic  c y c l iz a t io n  m e c h a n is m . T h e  p ro p o s e d  
m ech an ism  w as b a s e d  in  p a r t  on  p h y s ic a l  d a ta  (C D  s p e c t ra )  f o r  th e  
a s y m m e tr ic  r e a g e n ts .  O fte n  re a c t io n  m e ch a n ism s  in  a s y m m e tr ic  
s y n th e s e s  a re  b a s e d  on  p re s u m e d  in te rm e d ia te s  f o r  w h ic h  n o  d ir e c t  
p h y s ic a l  e v id e n c e  h as  b e e n  o f fe r e d .
S te re o s p e c if ic  C o m p le x a t io n  w i th  A m in o  A c id
Some C o ( I I ) - te t r a m in e  c o m p le x e s , s u c h  as C o ( E D A ) ^ , u n d e rg o  s te re o ­
s e le c t iv e  c o m p le x a tio n  w i th  c h ir a l  am ino  a c id s .  T h is  s te r e o s e le c t iv i t y  is  
h ig h e r  w ith  N -a lk y la te d  am ino  a c id s .  T h e  s te r e o s e le c t iv i t y  o f  C o ( I I ) -  
S c h i f f  base  c o m p le x e s  w i th  a c h ir a l  am ino  a c id  is  r e p o r te d  to  be  m uch  
h ig h e r  th a n  th a t  o f  th e  c o r re s p o n d in g  te tra m in e  c o m p le x e s . F u j i i  e t a l.  
re a s o n e d  th a t  in  th e  C o ( I I I ) - S c h i f f  b a se  s y s te m , th e  N - a lk y la te d  am ino
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54a c id  c o m p le x a tio n  m ig h t  show  q u ite  h ig h  s te r e o s e le c t iv i t y .  I t  w as 
fo u n d  th a t  th e  [ C o ( I I I )  ( s a l) ^  | ( S ,S )  ( + ) - t r a n s - D A C H |]  c o m p le x  w i th  N - b e n z y l-  
L -a la n in e  e x is t s  as o n ly  one  is o m e r w h e n  e x a m in e d  b y  p ro to n  NMR s p e c t r o ­
s c o p y ,  in d ic a t in g  s te re o s p e c if ic  c o m p le x a tio n . S im ila r  p ro to n  NMR 
e x a m in a tio n  o f  an  N - b e n z y l-D - a la n in e  c o m p le x , h o w e v e r ,  s h o w e d  a 2 :3  
m ix tu r e  o f  tw o  d ia s te re o m e rs . U n d e r  a ir - o x id a t io n  c o n d it io n s  a n d  in  
c o n ta c t w i th  a 2 m ole e q u iv a le n t  o f  ra c e m ic  N -b e n z y la la n in e ,  a C o -D A C H -  
d iim in e  c o m p le x  w as fo u n d  to  c o m p le x  p r e fe r e n t ia l ly  w i th  N - b e n z y l - L -  
a la n in e . F ro m  th e  r e a c t io n  m e d iu m , N -b e n z y l-D - a la n in e  (93% e . e . )  was 
re c o v e re d  in  98% y ie ld .  A f t e r  r e d u c t io n  w ith  N a B H ^ a n d  d é c o m p le x a t io n , 
N -b e n z y l- L - a la n in e  (94% e . e . )  w as o b ta in e d  in  98% y ie ld .  W ith  a la rg e  
e x c e s s  o f  ra c e m ic  am ino  a c id ,  th e  N -b e n z y l- L - a la n in e  re c o v e re d  fro m  th e  
c o m p le x a tio n  w as n e a r ly  o p t ic a l ly  p u r e .  T h e  a u th o rs  r e p o r t  t h a t  th e
N -b e n z y la la n in e  sh o w e d  n o  ra c e m iz a tio n  u n d e r  th e  e x p e r im e n ta l c o n d it io n s
54a n d  th e  C o -D A C H  d iim in e  c o m p le x  can  be  re c y c le d  r e p e a te d ly .
S te re o s e le c t iv e  A s s o c ia t io n  o f  C o m p le x  C a t io n  a n d  A n io n
A n o th e r  a p p lic a t io n  o f  o p t ic a l ly  a c t iv e  m e ta l c o m p le x e s  as r e s o lv in g
a g e n ts  is  fo u n d  in  th e  s te re o s e le c t iv e  a s s o c ia t io n  b e tw e e n  c a t io n ic  m e ta l
c o m p le x e s  a n d  a n io n ic  m e ta l c o m p le x e s . T h is  s te r e o s e le c t iv i t y  has  bee n
75m e a s u re d  b y  io n -e x c h a n g e  c h ro m a to g ra p h y .  T h e  r e la t iv e  r e te n t io n  v o lu m e s  
o f  c o m p le x  a n io n  e n a n tio m e rs  on an lE X  220 a n io n -e x c h a n g e  r e s in  w h e n  
e lu te d  b y  a s o lu t io n  o f  o p t ic a l ly  a c t iv e  c a t io n ic  m e ta l c o m p le x  p r o v id e d  
th e  r e q u i r e d  d a ta . O f th re e  c a t io n ic  c o m p le x e s  s tu d ie d ,  - [ C o ( I I I )  —
I ( R ,R ) - D A C H J ^ ]  io n  g a v e  th e  la r g e s t  d if fe re n c e s  in  th e  r e te n t io n  v o lu m e s  
o f  fo u r  a n io n ic  Co c o m p le x e s . T h e  a u th o rs  d is c u s s e d  th e  m ech an ism s  o f  
c h ir a l  r e c o g n i t io n ,  b u t  i t  is  n o t  c le a r  i f  t h is  is  a p r a c t ic a l  r e s o lu t io n  
m e th o d . In  th e  case  w h e re  an  o p t ic a l ly  a c t iv e  c o m p le x  c a t io n  is  a d s o rb e d
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o n  th e  S P -S e p h a d e x  C -2 5  c a t io n -e x c h a n g e r  a n d  th e  ra c e m ic  a n io n  c o m p le x
is  e lu te d  w i th  w a te r ,  th e  d e g re e  o f  r e s o lu t io n  o f  a n io n s  is  r e p o r te d
to  b e  v e r y  sm a ll a n d  th e  c h i r a l i t y  o f  th e  r e s in  m a t r ix  i t s e l f  w ith o u t
75c h ir a l  c a t io n ic  c o m p le x  g a v e  some re s o lu t io n  o f  a n io n s .
A s y m m e tr ic  H y d ro g e n a t io n
T h e  a s y m m e tr ic  c a ta ly t ic  h y d ro g e n a t io n  o f  o le f in s  is  n o w  an e f f i ­
c ie n t  m e th o d  o f  o b ta in in g  am ino  a c id s  w i th  h ig h  o p t ic a l  p u r i t y .
Some o f  th e  m o s t e f fe c t iv e  c a ta ly s ts  a re  s o lu b le  p h o s p h in e - rh o d iu m  
c o m p le x e s . S u c h  c h ir a l  c a ta ly s ts  p re p a re d  fro m  t r a n s -D A C H  e n a n tio m e rs  
a n d  t h e i r  d e r iv a t iv e s  h a v e  b e e n  r e p o r te d  to  g iv e  e x c e l le n t  a s y m m e tr ic  
in d u c t io n  in  th e  h y d r o g e n a t io n  o f  N -a c y la m in o c in n a m ic  a c id s .  
B is -a m in o p h o s p h in e -R h  c o m p le x e s  p re p a re d  w i th  l ig a n d s  s u c h  as 18 a n d  
h a v e  s h o w n  re m a rk a b le  s te re o s e le c t io n .  A l th o u g h  th e  tw o  l ig a n d s  
h a v e  th e  same ( R , R ) - c o n f ig u r a t io n , th e y  in d u c e  th e  s y n th e s is  o f  e n a n t io ­
m e rs . T h is  r e v e r s a l  o f  p r o d u c t  c o n f ig u r a t io n  w h e n  N -m e th y l g ro u p s  a re  
in t r o d u c e d  h as  b e e n  a t t r ib u t e d  to  a c h a n g e  in  th e  h e l ic a l o r ie n ta t io n  o f  
p h e n y l g ro u p s  in  th e  R h  c o m p le x  ( f ro m  le f t - h a n d e d  to  r ig h t - h a n d e d  h e lic a l 
a r ra n g e m e n t)  b y  th e  in c re a s e d  s te r ic  dem an d  o f  th e  N -m e th y l g ro u p s .
T h is  a rg u m e n t is  s u p p o r te d  b y  an  X - r a y  s t r u c t u r a l  d e te rm in a t io n  o f  th e
R h  c o m p le x  a n d  b y  a s tu d y  o f  th e  CD s p e c tra  o f  th e  c a ta ly s ts  a n d  l ig a n d s  
83
in  s o lu t io n .  T h e  d e g re e  o f  a s y m m e tr ic  in d u c t io n  b y  19 is  m u ch  h ig h e r  
(89-92%  e . e . )  th a n  1 ^^  a n d  i t  is  d e p e n d e n t on  th e  s u b s t r a te  s t r u c t u r e  
a n d  on  th e  s o lv e n t .  T h e s e  o b s e rv a t io n s  h a v e  b e e n  in c o rp o ra te d  in to  a 
p ro p o s e d  m e ch a n ism  o f  c h ir a l  r e c o g n i t io n .  W ith  > am ino  a c id s  o f  
41-43% e .e .  w e re  o b ta in e d .  K le e m a n n  e t a l.  a p p lie d  th e  same c a ta ly t ic  
s y s te m  to  d ip e p t id e  p re c u r s o r s  to  o b ta in  s im i la r  a s y m m e tr ic  in d u c t io n  
(38-39%  e . e . ) . 84
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F ig u re  18 











A s y m m e tr ic  S y n th e s is  w i th  L ith iu m  C h e la te s
O p t ic a l ly  a c t iv e  N -p e rm e th y la te d  D A C H , ( - ) -T M D A C H  o r  (+ ) -T M D A C H , 
(p r e p a r e d  fro m  re s o lv e d  D A C H  b y  th e  E s c h w e ile r -C la rk e  p ro c e d u re )  
fo rm  o p t ic a l ly  a c t iv e  l i th iu m  c h e la te s . T h e  T M D A C H  c o m p le x  o f  L iA lH ^  
a n d  L iB H ^  a re  s o lu b le  in  h y d r o c a rb o n  s o lv e n ts  a n d  th e y  a re  c h ir a l  
r e d u c in g  a g e n ts  f o r  o rg a n ic  s u b s t r a te s .  In  p a r t i c u la r ,  th e  ( - ) -  
T M D A C H ‘ L iA lH ^  r e a g e n t  g iv e s  a m o d e s t a s y m m e tr ic  in d u c t io n  w h e n  u s e d  
to  re d u c e  u n s y m m e t- r ic a l k e to n e s  (u p  to  30% e . e . ,  g e n e ra l ly  a b o u t 10%
e .e .  o r  l e s s ) . 8 5 ,8 6
O rg a n o li th iu m  re a g e n ts  c o m p le x e d  w ith  ( - ) -T M D A C H  a d d  a lk y l  a n d  a r y l  
g ro u p s  to  a ld e h y d e s  a s y m m e tr ic a lly  ( le s s  th a n  10% e .e . ) .® ^ '® ^  W hen 
o p t ic a l ly  a c t iv e  t r im e th y l  D A C H  (T r iM D A C H )  is  u s e d  in s te a d  o f  T M D A C H , 
o p t ic a l ly  a c t iv e  l i th iu m  s a lt  is  fo rm e d . T h is  l i th iu m  am ide  can  c o m p le x  
w i th  a lu m in u m  h y d r id e  a n d  b o r o h y d r id e  m o ie tie s  to  p r o v id e  n ew  c h ir a l  
r e d u c in g  a g e n ts .  T h e  d e g re e  a n d  th e  d ir e c t io n  o f  a s y m m e tr ic  in d u c t io n  
b y  th e s e  n ew  re a g e n ts  a re  q u ite  d i f f e r e n t  fro m  th o s e  o f  th e  r e la te d  
T M D A C H  c o m p le x  re a g e n ts  (T a b le  5 ) .8 ^
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P o te n t ia l A p p lic a t io n s  _
In  th e  s u r v e y  o f  p ro p e r t ie s  a n d  a p p lic a t io n s  o f  D A C H  a n d  i t s  
d e r iv a t iv e s  a b o v e , some e xa m p le s  o f  a s y m m e tr ic  s y n th e s is  u s in g  D A C H -  
d e r iv e d  re a g e n ts  a re  g iv e n .  C h ir a l  D A C H  a n d  i t s  d e r iv a t iv e s  a re  p o te n ­
t ia l  c a ta ly s ts  f o r  a s y m m e tr ic  M ic h a e l a d d it io n s  a n d  a ld o l c o n d e n s a t io n s . 
M o d if ic a t io n  o f  am ino  g ro u p s  p ro v id e s  th e  D A C H  l ig a n d  as a s e c o n d a ry  
o r  t e r t ia r y  d ia m in e , o r  e v e n  as a q u a te r n a r y  am m on ium  s a lt  s u ita b le  as 
a p o te n t ia l  c h ir a l  p h a s e - t r a n s fe r  c a ta ly s t .  L ik e  T r iM D A C H , tw o  am ino  
g ro u p s  n e e d  n o t  b e  th e  sam e. O ne  am ino  g ro u p  ca n  b e  a p r im a r y  o r  s e c ­
o n d a ry  am ine  w h ic h  re a c ts  w i th  o rg a n o li th iu m  o r  m e ta l h y d r id e  re a g e n ts  
w h ile  th e  se co n d  g ro u p  can  b e  a t e r t ia r y  am ine  w h ic h  ta k e s  p a r t  in  th e  
c h e la t io n  o f  m e ta l io n s .  S y n th e s is  o f  D A C H  d e r iv a t iv e s  w i th  c h ir a l  
n it r o g e n  a tom s is  a lso  p o s s ib le .  F o r  e x a m p le , d ib e n z y la t io n  o f  k n o w n  
N , N '- d im e t h y l - ( R , R ) - t r a n s -D A C H  ( t r a n s -D M D A C H ) le a d s  to  a n e w  d ia m in e  
w ith  tw o  n ew  c h ir a l  c e n te rs  a t n it r o g e n  a to m s . I t  w i l l  b e  in t e r e s t in g  to  
see w h a t a s y m m e tr ic  in d u c t io n  can be  o b s e rv e d  b y  th e  re a c t io n s  o f  th e  
l i th iu m  c h e la te s  o f  s u c h  a l ig a n d .  M any  c h ir a l  t r a n s i t io n  m e ta l 
co m p le xe s  o f  D A C H  d e r iv a t iv e s  a re  w e l l- c h a ra c te r iz e d  b u t  v e r y  fe w  h a v e  
been  u s e d  in  a s y m m e tr ic  s y n th e s is .  T r a n s it io n  m e ta l c o m p le x e s  o f
D A C H  d io x im e  a n d  d iim in e  a re  p o te n t ia l  c a ta ly s ts  f o r  a s y m m e tr ic
88s y n th e s is  m e d ia te d  b y  o rg a n o m e ta l l ic s .
In  th e  p re s e n t  s t u d y ,  c h ir a l  d ia m in e s  w e re  p r e p a re d  fro m  D A C H  a n d  
w e re  u s e d  to  m o d ify  m e ta l h y d r id e  r e a g e n ts .  A s y m m e tr ic  r e d u c t io n  b y  
th e s e  new  re a g e n ts  w as e x a m in e d .
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I I :  D A C H  A N A L Y S IS
T h e  c h e m ic a l p u r i t y  a n d  th e  c is / t r a n s  is o m e r r a t io  o f  c o m m e rc ia l 
D A C H  ca n  v a r y  w id e ly .  P o o r sam p le  q u a l i t y  o r  a h ig h  p e rc e n ta g e  o f 
c is  is o m e r can a d v e rs e ly  a f fe c t  D A C H  r e s o lu t io n s .  In  th e  p re s e n t  
w o r k ,  i t  w as deem ed im p o r ta n t  to  k n o w  th e  c h e m ic a l p u r i t y  a n d  th e  
is o m e r r a t io  o f  D A C H  sa m p le s  u s e d  fo r  r e s o lu t io n  s tu d ie s  a n d  
d e r iv a t iz a t io n . T h e  m e th o d s  fo r  D A C H  a n a ly s is  r e p o r te d  in  th e  
l i t e r a t u r e  in c lu d e  th e  u se  o f  gas  c h ro m a to g ra p h y  (G C ) to  d e te c t  D A C H  
a n d  i t s  te t r a m e th y l  d e r iv a t iv e ,  a n d  a lso  th e  u se  o f  p ro to n  NMR 
s p e c tro s c o p y .
D ire c t  GC A n a ly s is  o f  D A C H
P r im a ry  a lip h a t ic  a m ine s  a n d  d ia m in e s  a re  d i f f i c u l t  to  a n a ly z e  b y
GC s in c e  th e s e  s t r o n g ly  p o la r  c o m p o u n d s  in t e r a c t  w i th  th e  co lu m n  to
89g iv e  an u n d e s ira b le  a d s o rp t io n  e f fe c t .  T re a tm e n t o f  th e  co lu m n  w ith
KO H  d e a c t iv a te s  i t  a n d  e lim in a te s  " t a i l in g "  o f  th e  p e a k  th u s  fa c i l i t a t in g
89 90q u a n t i ta t iv e  p e a k  c a lc u la t io n s .  ’
M an y  co m m e rc ia l sa m p le s  o f  D A C H  a re  c o n ta m in a te d  w ith  H M D A
18w h ic h  c a n n o t be  re m o v e d  e a s ily  b y  f r a c t io n a l  d is t i l la t io n .  H o w e v e r ,
S m ith  e t a l.  r e p o r te d  th a t  a m ix tu r e  o f  c is / t r a n s -D A C H  a n d  H M D A  can
be  s e p a ra te d  on  an 8- m e te r  co lu m n  c o n ta in in g  10% D C  710 a n d  5% KO H  
90
on  C h ro m o s o rb  W. Y e t ,  e v e n  u n d e r  c o n d it io n s  w h e re  th e  r e te n t io n  
tim e  was o v e r  30 m in u te s ,  b ase  l in e  s e p a ra t io n  o f  p e a k s  w as n o t 
o b ta in e d .  A n  A p ie z o n  L  K O H -d o p e d  co lu m n  w as r e p o r te d  to  g iv e  a 
p a r t ia l  s e p a ra t io n  o f  D A C H  is o m e rs , b u t  C a rb o w a x  20M w ith  K O H  w as 
r e p o r te d  to  g iv e  o n ly  th e  s e p a ra t io n  o f  D A C H  a n d  H M D A ; n o  s e p a ra t io n
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90o f  D A C H  is o m e rs  w as o b s e rv e d .
In  th e  p re s e n t  s t u d y ,  i t  was d is c o v e re d  th a t  th e  a n a ly s e s  o f  D A C H  
sa m p le s  r e p o r te d  b y  c o m m e rc ia l s u p p lie r s  w e re  o f te n  in c o r r e c t .  I t  was 
fo u n d  th a t  th is  w a s , in  one  in s ta n c e ,  c a u s e d  b y  th e  ch o ic e  o f  an 
in a p p r o p r ia te  GC c o lu m n . In  th e  case o f  A ld r ic h  C h e m ic a l, i t s  
r e p o r te d ly  98% p u r e  D A C H  sa m p le  ( c is / t r a n s  r a t io  r e p o r te d  to  b e  1 3 :8 7 ) 
w as fo u n d  to  be  o n ly  85% p u r e ,  a n d  th e  c is / t r a n s  r a t io  w as fo u n d  to  be 
4 5 :5 5  b y  o u r  m e th o d  o f  a n a ly s is .  T h e  co lu m n  u s e d  b y  th e  A ld r ic h  
q u a l i t y  c o n t r o l  g ro u p  s e p a ra te d  D A C H  a n d  H M D A  a n d  a sm a ll a m o u n t o f  
an u n id e n t i f ie d  t h i r d  c o m p o n e n t, b u t  th e y  h a d  m is in te r p r e te d  p e a k s  
a c tu a l ly  r e p r e s e n t in g  th e  H M D A :D A C H  r a t io  as th e  c is / t r a n s  r a t io  o f  
D A C H  is o m e rs  a n d  h a d  a lso  m is a s s ig n e d  th e  t h i r d  p e a k  to  H M D A .
O th e r  in v e s t ig a to r s  h a v e  a lso  n o te d  th e  f r e q u e n t  use  o f  e r ro n e o u s  
a n a ly t ic a l  d a ta  fo r  D A C H  b y  i t s  s u p p l ie r s .
L a i r e p o r te d  th e  GC a n a ly s is  o f  D A C H  u s in g  a c o m b in a tio n  o f  tw o  
6- f t  c o lu m n s , one  c o a te d  w ith  A p ie z o n  L  a n d  th e  o th e r  w i th  U c o n , b o th  
d e a c t iv a te d  w i th  K O H . U n fo r tu n a te ly ,  i t  is  d i f f i c u l t  to  a ssess  fro m  
L a i ’ s p a p e r  a n d  s u b s e q u e n t p r iv a t e  c o m m u n ic a tio n s  w h e th e r  th is  s y s te m  
a c tu a l ly  s e p a ra te d  th e  D A C H  d ia s te re o m e rs .
O x id  is  a s u p p l ie r  o f  an e x c e p t io n a l ly  p u r e  t r a n s -D A C H . T h is  
co m p a n y  a n a ly z e s  D A C H  on a c a p i l la r y  c o lu m n  p a c k e d  w i th  a n o n p o la r  
s ta t io n a r y  p h a s e . T h e  d e ta i l  o f  t h e i r  a n a ly t ic a l  m e th o d  is  g iv e n  in  
A p p e n d ix  A .  B e ca u se  o f  th e  la c k  o f  a s u ita b le  in s t r u m e n t  to  c a r r y  o u t 
th is  t y p e  o f  c h ro m a to g ra p h ic  a n a ly s is ,  O x id 's  m e th o d  w as n o t  e x a m in e d  
as p a r t  o f  th e  p re s e n t  s tu d y .
A  c a p i l la r y  in s t r u m e n t  m u s t b e  r e a d i ly  a v a ila b le  in  o r d e r  r o u t in e ly  
to  a n a ly z e  D A C H  b y  G C . E ve n  w i th  s u c h  in s t r u m e n ta t io n ,  th e  e f f ic a c y
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o f  th e  co lu m n  m u s t b e  p r o v e n ,  b e c a u s e  th e  r e s u lt s  o f  d i r e c t  GC 
a n a ly s is  can  b e  e a s ily  m is in te r p r e te d .
GC A n a ly s is  o f  T M D A C H
T e r t ia r y  a l ip h a t ic  a m ine s  a n d  a ro m a tic  a m ine s  a re  n o t  as d i f f i c u l t  to  
a n a ly z e  b y  GC as p r im a r y  o r  s e c o n d a ry  a m in e s . T h e  d ia s te re o m e rs  o f  
N -m e th y la te d  D A C H  (T M D A C H ) ca n  be  s e p a ra te d  o n  a C a rb o w a x  20M + 
K O H  c o lu m n . T h e  same co lu m n  c a n n o t b e  u s e d  to  a n a ly z e  u n -
m e th y la te d  D A C H  sam p le  s in c e  th e  c o m p o n e n ts  t r a i l  b a d ly .  I t  has  bee n  
n o te d  th a t  "a  sa m p le  c o n ta in in g  60% t r a n s -D A C H  p lu s  fo u r  o th e r  
c o m p o n e n ts  g a v e  one  b e a u t i f u l ly  s y m m e tr ic  V P C  p e a k  b e fo re  m é th y la ­
t io n "  1^^
T M D A C H  is  p re p a re d  fro m  D A C H  b y  th e  E s c h w e ile r -C la rk e  
22 91
p ro c e d u re  ’ o r  b y  f o u r  s u c c e s s iv e  l i t h ia t io n  s te p s  w i th  b u t y l  l i th iu m
22fo llo w e d  each  tim e  b y  a lk y la t io n  w i th  m e th y l io d id e .
T h e re  is  a lw a y s  a d a n g e r  o f  in t r o d u c in g  new  fa c to r s  in t o  th e  
a n a ly s is ,  i f  th e  c o m p o s it io n  o f  th e  m ix tu r e  is  d e te rm in e d  a f t e r  c a r r y in g  
o u t  a r e a c t io n .  O ne can  b e  a s s u re d  o f  th e  a c c u ra c y  o f  th e  a n a ly s is  
o n ly  i f  th e  c o n v e rs io n  is  q u a n t i t a t iv e  f o r  a ll  th e  c o m p o n e n ts  p re s e n t  in  
th e  o r ig in a l  m ix tu r e .  O th e rw is e ,  th e  c o m p o s it io n  o f  th e  d e r iv a t iv e s  m ay 
n o t  r e f le c t  th e  o r ig in a l  c o m p o s it io n  a c c u r a te ly .  In c o m p le te  c o n v e rs io n  
m ay le a d  to  m an y  re a c t io n  c o m p o n e n ts  a n d  th u s  th e  c h ro m a to g ra m  w i l l  
c o n ta in  e x t r a  p e a k s .  In  cases w h e re  th e  co lu m n  in a d e q u a te ly  s e p a ra te s  
th e  c o m p o n e n ts  p re s e n t  in  th e  o r ig in a l  m ix tu r e ,  in c o m p le te  c o n v e rs io n  
w i l l  le a d  to  f u r t h e r  d i f f i c u l t y  in  th e  in t e r p r e ta t io n  o f  th e  r e s u lt in g  
c h ro m a to g ra m . T h e  c a l ib ra t io n  m ay be  e s p e c ia lly  d i f f i c u l t  in  s u c h  a 
c a s e , i f  i t  can  be  don e  a t a l l .
N -M e th y la t io n  o f  a m in e s  b y  th e  E s c h w e ile r -C la rk e  p ro c e d u re
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n o rm a lly  c a lls  f o r  th e  re a c t io n  m ix tu r e  to  be  r e f lu x e d  a t th e  m os t fo r
91 92o v e r n ig h t  b u t  o f te n  f o r  s h o r te r  p e r io d .  ’ I t  w as fo u n d  in  th is
s tu d y  th a t  th is  k in d  o f  re a c t io n  tim e  is  in a d e q u a te  f o r  th e  N - t e t r a -
m e th y la t io n  o f  c is - D A C H . In  f a c t ,  i t  w as fo u n d  th a t  a t  le a s t a s e v e n -
d a y  re a c t io n  tim e  is  r e q u i r e d  to  c o n v e r t  c is -D A C H  to  i t s  te t r a m e th y l
d e r iv a t iv e  u n d e r  th e  u s u a l E s c h w e ile r -C la rk e  re a c t io n  c o n d it io n s .
U n d e r  th e  re a c t io n  c o n d it io n s  o f  a b o u t 100°C  fo r  a p ro lo n g e d  t im e ,
H M D A  d e co m p ose d  to  a s ig n i f ic a n t  e x te n t  e v e n  u n d e r  a n it r o g e n
a tm o s p h e re . A  d e ta ile d  d is c u s s io n  o f  th e  E s c h w e ile r -C la rk e
N -m e th y la t io n  o f  D A C H  a p p e a rs  in  S e c tio n  I I I .  In  a g re e m e n t w ith  th e
p re s e n t  s t u d y ,  a g ro u p  a t E x x o n  R e s e a rc h  has  a lso  fo u n d  th a t  th e
N - te t r a m e th y la t io n  o f  D A C H  m ix tu r e  goes v e r y  s lo w ly .  T h e  E s c h w e ile r -
C la rk e  p ro c e d u re  w a s , t h e r e f o r e ,  m o d if ie d  b y  a llo w in g  th e  r e a c t io n
m ix tu r e  to  r e f lu x  f o r  3 6 -48  h o u rs  w ith  f r e s h  p o r t io n s  o f  fo rm a ld e h y d e
22b e in g  a d d e d  a p p ro x im a te ly  e v e r y  10 h o u rs .
T h e  u n c e r ta in t y  o f  c o m p le te  c o n v e rs io n  o f  D A C H  to  te t r a m e th y l  
d e r iv a t iv e s  w i th in  th e  r e a c t io n  p e r io d  a n d  th e  d e c o m p o s it io n  o f  m ore  
f r a g i le  c o m p o n e n ts  in  th e  m ix tu r e  b y  th e  p ro lo n g e d  e x p o s u re  to  a h ig h  
te m p e ra tu re  a re  d is a d v a n ta g e s  o f  th e  m é th y la t io n  as an  a n a ly t ic a l 
m e th o d . In  a d d it io n ,  G C a n a ly s is  o f  D A C H  v ia  te t r a m e th y l  d e id v a t iv e s  
r e q u ir e s  a s u b s ta n t ia l  in v e s tm e n t  o f  t im e  to  p re p a re  th e  d e r iv a t iv e  a n d  
is  n o t  a t a l l  c o n d u c iv e  to  a q u ic k  r o u t in e  a n a ly s is  o f  D A C H  sa m p le s . 
T h e r e fo r e ,  an  a l t e r n a t iv e  m e th o d  fo r  a d i r e c t  a n a ly s is  o f  D A C H  sam p les  
w as s o u g h t .
P ro to n  NMR A n a ly s is
P ro to n  NMR s p e c tro s c o p y  is  u s e d  in  m any  I 'o u t in e  a n a ly s e s  in  
o rg a n ic  c h e m is t r y .  T h e  im p o r ta n c e  o f  th is  m e th o d  is  r e f le c te d  in  th e
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in c lu s io n  o f  th is  to p ic  e a r ly  in  in t r o d u c to r y  te x ts  f o r  th e  u n d e r g r a d u a te  
o rg a n ic  c h e m is t r y  c o u rs e .  P ro to n  NMR s p e c tro s c o p y  is  a lso  an  im p o r ta n t  
m e th o d  fo r  th e  q u a n t i ta t iv e  a n a ly s is  o f  m ix tu r e s  o f  o rg a n ic  c o m p o u n d s , 
p r o v id e d  s u c h  m ix tu r e s  h a v e  a t le a s t one  s e t o f  s u ita b le  p ro to n  s ig n a ls  
fo r  each  c o m p o n e n t p r e s e n t .  T h e  in te g r a te d  a re a  ( s ig n a l s iz e )  o f  
p ro to n  p e a k s  is  p r o p o r t io n a l  to  th e  n u m b e r  o f  th e  e q u iv a le n t  p ro to n  
n u c le i p re s e n t  in  th e  s a m p le .
T o f lu n d  e t a l.  r e p o r te d  th a t  th e  c is / t r a n s  is o m e r r a t io  o f  D A C H  
ca n  be  d e te rm in e d  fro m  a p ro to n  NMR s p e c tru m . T h e  s p e c tru m  o f  c is -  
D A C H  is  r e p o r te d  to  sh o w  tw o  r a t h e r  b ro a d  p e a k s  a t 1 .45  a n d  2 .80  
p p m , w h e re a s  th a t  o f  t r a n s -D A C H  sh o w s  th re e  m u lt ip le ts  a ro u n d  
^ 1 .2 0 ,  1 .7 0 , a n d  2 .3 5 . T h e  p e a k s  a t ^ 2 .8 0  a nd  2 .3 5  w e re  a s s ig n e d  to  
th e  m e th in e  p ro to n s  a n d  i t  w as r e p o r te d  th a t  th e s e  n o n o v e r la p p in g  
p e a k s  can b e  u s e d  to  m e a s u re  th e  r e la t iv e  a m o u n ts  o f  c ^  a n d  
t r a n s -D A C H  in  a m ix tu r e  w i th  accuracy.^
A s can  b e  seen  in  F ig .  19, 20 , a n d  21 , th e  p ro to n  s p e c tra  
o b ta in e d  in  th is  s tu d y  a re  n o t  a m e n a b le  to  th e  q u a n t i ta t iv e  a n a ly s is  o f 
D A C H  is o m e rs . T h e  th re e  m u lt ip le ts  d e s c r ib e d  b y  T o f t lu n d  e t a l.  f o r  
t r a n s -D A C H  a re  b e t t e r  d e s c r ib e d  as one e x tre m e ly  b ro a d  p e a k  (< J 0 .6 0 -  
2 .5 0 )  w ith  th re e  re c o g n iz a b le  h u m p s  a t <^1 .2 , 1 .7 ,  a n d  2 .2 5  ( F ig s . 20 
a n d  2 1 ) .  A t  100 M H z , th e  p e a k s  a re  b e t t e r  d e f in e d ,  b u t  th e  m e th in e  
p e a k  s t i l l  is  n o t  r e s o lv e d  fro m  th e  m e th y le n e  p e a k s . T h e  m ost 
p ro m in e n t  fe a tu r e  o f  th e s e  s p e c tra  is  th e  s h a rp  am ine  p e a k  n e a r  J  1.3 
p p m  fo r  D A C H  d is s o lv e d  in  C D C l^  a n d  C C l^ .  T h e  c h e m ic a l s h i f t  o f th is  
p e a k  is  h ig h ly  d e p e n d e n t on  th e  s o lv e n t  a n d  on  th e  c o n c e n t r a t io n .  I t  
is  e x c h a n g e d  w ith  d e u te r iu m  u p o n  a d d it io n  o f  D ^O  ( F ig .  21) a n d  th u s  is  
a b s e n t in  th e  s p e c tra  o f  D A C H  d is s o lv e d  in  D ^O  ( F ig s .  2 2 -2 3 ) .  T h e
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F ig u re  21
(+ ) -D A C H  in  C D C Ig  + D ^O
I I I : I I ■ I I I - i  ' - !  1  I  I  I  I ■ I  '  I  I I  I  I  I  I I '  ■ ■ I '  I
m u lt ip le ts  a re  o b s e rv a b le  in  th e  s p e c tru m  o f  t r a n s -D A C H  a t h ig h  
c o n c e n tra t io n  ( F ig . 2 3 ) ,  b u t  th e  m e th in e  p e a k  is  c e n te re d  a t (42 .25 , 
in s te a d  o f  2 .3 5 , a n d  s t i l l  o v e r la p s  w i th  th e  m e th y le n e  p e a k s .  I t  is  
d i f f i c u l t  to  u n d e rs ta n d  h o w  s u c h  a p e a k  can  b e  u s e d  f o r  an  "a c c u ra te "  
a n a ly s is .
F o r  th e  c is  is o m e r , a d o w n f ie ld  p e a k  a t < T 2 .6 0 -2 .8 5  th a t  does n o t 
o v e r la p  w ith  o th e r  D A C H  p e a k s  w as o b s e rv e d .  T h e r e fo r e ,  i t  is  p o s s ib le  
to  c h e c k  fo r  th e  p re s e n c e  o f  c is -D A C H  in  a p u r e  D A C H  sa m p le  b y  
p ro to n  NMR ( F ig . 2 4 ) .  H o w e v e r , th is  is  n o t  p o s s ib le  i f  a sam p le  
c o n ta in s  H M D A , s in c e  i t ,  to o , has  a d o w n f ie ld  p e a k  a t {T2 .3 0 -2 .8 5  ( F ig . 
2 5 ) .  I t  is  c le a r  fro m  th e  s p e c tra  o f  D A C H  m ix tu r e s  c o n ta in in g  H M D A 
( e . g . .  F ig . 26) th a t  th e  c o m p o s itio n  c a n n o t b e  d e te rm in e d  a c c u ra te ly  b y  
p ro to n  N M R ; i t  is  n o t  e v e n  p o s s ib le  to  o b ta in  c ru d e  e s tim a te s  u s in g  60 
MHz s p e c tro m e te r .
S u d m e ie r  e t a l.  s tu d ie d  th e  c o n fo rm a tio n  o f  D A C H  a n d  i t s  d e r iv a -
93t iv e s  u s in g  p ro to n  NMR s p e c t ro s c o p y .  T h e y  fo u n d  th a t  th e  c h e m ic a l
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F ig u re  26
T e c h n ic a l G ra d e  D A C H  ( c is - t r a n s  M ix tu r e  w i th  H M D A )
s h i f t  o f  th e  m e th in e  p ro to n s  o f  t r a n s -D A C H  is  d e p e n d e n t on  th e  d e g re e  
o f  p r o to n a t io n .  I t  w as a lso  s h o w n  th a t  th e  s ig n a l f o r  th e  m e th in e  
p ro to n s  o f  th e  d ih y d r o c h lo r id e  s a lt  o f  t r a n s -D A C H  ( in  D ^O ) does n o t 
o v e r la p  w ith  m e th y le n e  s ig n a ls .  A t  lo w  p H  (a b o u t 5 ) ,  th e  s ig n a l 
a p p e a rs  a t 5 3 .5  p pm  b u t  a t h ig h  p H  (a b o v e  1 1 .5 ) ,  th e  same s ig n a l 
a p p e a rs  a t 5 2 .3 5 p p m . T h e  m e th y le n e  s ig n a ls  m oved  a b o u t 0 .3  p pm  fo r  
th e  same p H  ra n g e .
T h e  in f lu e n c e  o f  th e  d e g re e  o f  p ro to n a t io n  o f  th e  am ino  g ro u p  on 
th e  c h e m ic a l s h i f t  o f  th e  a d ja c e n t p ro to n s  m ay be  g e n e ra l to  a ll  a m in e s . 
T h e  C -1  a n d  C -6 p ro to n s  o f  H M D A ( in  D ^O ) a p p e a r  a t (5 2 .6 0 , b u t  th e  
same p ro to n s  a p p e a r  a t (^3 .0 5  fo r  th e  d ih y d r o c h lo r id e  s a lt .
In  some c a s e s , i t  m ay be  p o s s ib le  to  c a r r y  o u t  a q u a n t i ta t iv e
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a n a ly s is  o f  D A C H  m ix tu r e s  b y  p ro to n  NMR in  a c id ic  m e d ia , m a k in g  s u re  
th a t  a p p ro p r ia te  s ig n a ls  a re  n o t  o v e r la p p in g  b y  a d ju s t in g  th e  p H . 
H o w e v e r , s u c h  a p ro c e d u re  m ay r e s u l t  in  o th e r  d i f f i c u l t ie s .
T h e  s o lu b i l i t ie s  o f  th e  s a lts  o f  D A C H  is o m e rs  a re  q u ite  d i f f e r e n t ;  
(see  p p  7 -9 )  a n d  i t  is  p o s s ib le  to  s e p a ra te  D A C H  is o m e rs , as w e ll as 
o th e r  am ine  c o m p o n e n ts  p re s e n t  in  th e  s a m p le , d u r in g  th e  s a lt  p r e p a r a ­
t io n .  I f  s e p a ra t io n  does o c c u r ,  th e n  th e  q u a n t i ta t iv e  d a ta  o b ta in e d  
fro m  p ro to n  NMR s p e c tra  w i l l  n o t  r e f le c t  th e  c o m p o s it io n  o f  th e  o r ig in a l  
m ix tu r e .  S in c e  th e  p H -d e p e n d e n t  c h e m ic a l s h i f t  c h a n g e s  a re  s u b s ta n t ia l ,  
i t  m ay b e  n e c e s s a ry  to  p re p a re  a c a l ib ra t io n  c h a r t  f o r  each  p ro to n  in  
each  p o s s ib le  c o m p o n e n t so th a t  e v e r y  s ig n a l ca n  be  c o r r e c t ly  a s s ig n e d . 
T h e s e  d i f f ic u l t ie s  in d ic a te  th a t  p ro to n  NMR a n a ly s is  is  n o t  s u ita b le  as a 
q u ic k ,  d i r e c t  a n a ly t ic a l  m e th o d  fo r  th e  d e te rm in a t io n  o f  th e  c o m p o s itio n  
o f  D A C H  sa m p le s .
^^C  NMR A n a ly s is
S in ce  d ir e c t  a n a ly s is  o f  D A C H  sa m p le s  b y  GC a n d  p ro to n  NMR d id
13n o t  g iv e  s a t is fa c to r y  r e s u l t s ,  th e  p o s s ib i l i t y  o f  u s in g  C NMR s p e c tra
to  c a r r y  o u t  th e  q u a n t i ta t iv e  a n a ly s is  w as e x p lo r e d .  U n lik e  p ro to n  NMR
s p e c t r a ,  r o u t in e  F o u r ie r  T ra n s fo r m  (F T )  ^^C  NMR s p e c t ra  sh ow  s ig n a l
s iz e s  ( in te g r a te d  a re a s )  th a t  do  n o t n e c e s s a r i ly  c o r re s p o n d  to  th e
n u m b e r  o f  c a rb o n  n u c le i p r e s e n t .  T h is  is  ca u se d  b y  th e  d if fe r e n c e  in
th e  r e la x a t io n  tim e  o f  v a r io u s  c a rb o n  n u c le i ( r e s u l t in g  in  p a r t ia l
s a tu r a t io n  o f  some n u c le i)  a n d  b y  th e  d i f f e r e n t ia l  n u c le a r  O v e rh a u s e r
e f fe c t  (N O E ) w h ic h  e n h a n c e s  th e  c a rb o n  s ig n a ls  in  th e  p r o to n -  
94 95d e c o u p le d  s p e c t ra .  ’ H o w e v e r , th e s e  d if fe re n c e s  a re  e x p e c te d  to  be 
sm a ll w h e n  s im ila r  c a rb o n  a tom s o f  c lo s e ly  r e la te d  s te re o is o m e rs  a re  
c o m p a re d  w ith  each  o th e r .  T h u s  i t  s h o u ld  be  p o s s ib le  to  o b ta in  th e
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D A C H  c is / t r a n s  is o m e r r a t io  b y  c o m p a r in g  th e  p e a k  s iz e  f o r  s ig n a ls  d u e  
to  c a rb o n  a tom s b e a r in g  am ine  g ro u p s  ( c C -c a rb o n )  o f  c is -D A C H  w ith  th a t  
o f  th e  c o r re s p o n d in g  s ig n a ls  f o r  t r a n s -D A C H . , P e aks  f o r  ^ 0 -c a rb o n s  
a n d  ^ - c a r b o n s  s h o u ld  be  e q u a lly  u s e fu l  in  d e te rm in in g  th e  is o m e r 
r a t io .
A n  a lte r n a te  a p p ro a c h  w o u ld  be  to  m in im iz e  th e  e f fe c ts  o f
13d i f f e r e n t ia l  r e la x a t io n  tim e  a n d  NO E in  p ro to n -d e c o u p le d  C NMR 
s p e c t ra  b y  th e  a p p ro p r ia te  c h o ic e  o f  e x p e r im e n ta l c o n d it io n s .  W ith  
s u f f i c ie n t ly  lo n g  p u ls e  d e la y s  b e tw e e n  s c a n s , th e  s a tu r a t io n  e f fe c ts  o f  
c a rb o n  n u c le i w i th  lo n g  r e la x a t io n  tim e s  can  be  o b v ia te d .  NOE can  be  
e f fe c t iv e ly  s u p p re s s e d  b y  u s in g  a g a te d  d e c o u p lin g  m ode a lo n g  w ith  
m o d e ra te  p u ls e  d e la y s .  I t  m ig h t  a lso  be  p o s s ib le  to  use  c h e m ica l
94re la x a t io n  re a g e n ts  to  a c h ie v e  th e s e  r e s u lt s  w i th o u t  lo n g  p u ls e  d e la y s .
13
T h e  u se  o f  C NM R s p e c tra  f o r  q u a n t i ta t iv e  a n a ly s is  is  p a r t i c u la r ­
l y  a t t r a c t iv e  b e c a u s e  o f  th e  w id e  c a rb o n  c h e m ic a l s h i f t  r a n g e  (a b o u t 200 
p p m ) c o m p a re d  w i th  th e  p ro to n  c h e m ic a l s h i f t  ra n g e  (a b o u t 10 p p m ) .  A
w id e r  ra n g e  a llo w s  b e t t e r  s e p a ra t io n  o f  in d iv id u a l  s ig n a ls . D ih y d r o -
13c h lo r id e  s a lts  o f  D A C H  is o m e rs  g iv e  th re e  d is t in c t  p a ir s  o f  C s ig n a ls .
96NMR a n a ly s is  u s in g  th e s e  s ig n a ls  has  bee n  s u g g e s te d .
T h e c h e m ic a l s h i f t s  o f  D A C H  a n d  T M D A C H  
T a b le  6
^^C  C h e m ic a l S h if ts  ( 5  C D C I,
a re  g iv e n  
in  p p m )
in  T a b le
C - 1 , 2 C -3 ,6 C -4 ,5 N -M e
D A C H c is 5 2 .4 3 1 .4 2 2 .4
t r a n s 5 8 .2 3 6 .0 2 6 .0
T M D A C H c is 6 5 .5 2 6 .9 2 3 .3 4 4 .3
tr a n s 6 4 .0 2 5 .7 2 3 .1 4 0 .1
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T h e  p e a k s  f o r  c is -D A C H  a p p e a r  u p f ie ld  o f  th e  c o r re s p o n d in g  t r a n s -
D A C H  p e a k s . T h is  is  t y p ic a l  o f  1 , 2 - d is u b s t i t u te d  c y c lo h e x a n e s  a n d
s im ila r  r e la t io n s h ip s  a re  fo u n d ,  fo r  e x a m p le , in  d im e th y lc y c lo h e x a n e ,
94c y c lo h e x a n e d io l, a n d  d ic h lo ro c y c lo h e x a n e s . In  th e  case  o f  d im e th y l­
c y c lo h e x a n e , th e  e n h a n c e d  s h ie ld in g  ( u p f ie ld  s h i f t )  is  a t t r ib u t e d  to  
s te r ic  c o m p re s s io n  a s s o c ia te d  w i th  ÎT -g a u c h e  in te r a c t io n s  o f  th e  m e th y l 
g ro u p s .  In  th e  t r a n s - 1 , 2 - is o m e r , th e re  is  o n ly  o n e  s u c h  in te r a c t io n .  
H o w e v e r ,  th e re  a re  th re e  g a u c h e  in te r a c t io n s  in  th e  c is - 1 ,2 - is o m e r  a n d  
th e  c h e m ic a l s h i f t s  o f  c a rb o n  n u c le i in  th e  c ^  is o m e r e x p e r ie n c e  la r g e r  
u p f ie ld  s h i f t s  c o m p a re d  to  th o s e  o f  th e  t r a n s  is o m e r ( F ig .  2 7 ) .
F ig u re  27
G a uch e  In te r a c t io n s  in  D im e th y lc y c lo h e x a n e  Is o m e rs
C H
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I n  m e th y lc y c lo h e x a n e ,  a l l  p e a k s  f o r  th e  a x ia l ly  s u b s t i t u te d  is o m e r ,
^  , a p p e a r  u p f ie ld  o f  th e  c o r re s p o n d in g  p e a k s  f o r  th e  e q u a to r ia l ly
s u b s t i t u te d  is o m e r ,  2 ^  ( F ig . 2 8 ) .  T h e  u p f ie ld  s h i f t  o f  th e  G -3  a n d  C -5
p e a k  o f  I - a x ia l  m e th y lc y c lo h e x a n e  is  e s p e c ia lly  n o ta b le ;  i t  is  m ore  th a n
5 p pm  u p f ie ld  o f  th e  p a r e n t  c y c lo h e x a n e  p e a k . T h is  e f fe c t  is  k n o w n  as
th e  y  s h i f t  o r  " s t e r ic  s h i f t " .  T h e  o r ig in  o f  th is  la rg e  u p f ie ld  s h i f t  is
n o t  c le a r .  T h e  e f fe c t  is  o b s e rv e d  e v e n  w h e n  s te r ic  in te r a c t io n  is
97 98a b s e n t in d ic a t in g  th a t  o th e r  fa c to r s  a re  a lso  in v o lv e d .  ’
I t  is  in t e r e s t in g  th a t  th e  r e la t iv e  p e a k  p o s it io n s  o f  c ^  a n d  t r a n s -  
D A C H  is o m e rs  becom e re v e rs e d  in  th e  te t r a m e th y l  d e r iv a t iv e s .  U po n  
N - te t r a m e th y la t io n ,  th e  p e a k s  o f  th e  t r a n s  is o m e r a p p e a r  u p f ie ld  o f  th e  
c o r re s p o n d in g  p e a k s  o f  th e  c ^  is o m e r . T h e  in t r o d u c t io n  o f  N -m e th y l 
g ro u p s  a d d s  n ew  Y -g a u c h e  in te r a c t io n s  a t th e  C - I , 2  a n d  C -3 ,6  p o s it io n s  
in  b o th  th e  c is  a n d  t r a n s  is o m e rs . T h e s e  n ew  in te r a c t io n s  a re  r e f le c te d  
in  th e  s ig n i f ic a n t  u p f ie ld  s h i f t s  o f  th e  C -3 ,6  p e a k s  in  T M D A C H  (T a b le
6) .  In  th e  g ro u n d - s ta te  c o n fo rm a t io n s  o f  c is  a n d  tra n s -T M D A C H  fro m
99 ✓th e  MM2 c a lc u la t io n  , th e r e  a re  tw o  new  Q -g a u c h e  in te r a c t io n s  f o r  each
o f  th e  C -3  a n d  C -6 p o s it io n s  in  t r a n s -T M D A C H , b u t  o n ly  one each  in
c is -T M D A C H  ( F ig . 2 9 ) .  T h e  N -m e th y l p e a k  o f  t r a n s -T M D A C H  a p p e a rs
u p f ie ld  o f  c is -T M D A C H  f o r  th is  re a s o n .
In  t e r t ia r y  a m in e s , c a rb o n  a tom s th a t  a re  a n t i - p e r ip la n a r  to  th e
lo n e  p a ir s  o f  e le c tro n s  o n  n i t r o g e n  a tom s e x p e r ie n c e  s ig n i f ic a n t  u p f ie ld
98s h i f t s ,  as is  a lso  th e  case  w i th  p ro to n  s h i f t s .  In  th e  c o n fo rm a tio n s  
s h o w n  in  F ig u re  29, th e  C -3  a n d  C -6 c a rb o n  a tom s a re  a n t i - p e r ip la n a r  
to  n i t r o g e n  lo n e  p a ir s  in  t r a n s -T M D A C H  b u t  n o t in  c is -T M D A C H . I t  is  
n o t s u r p r is in g  th e n  th a t  th e  C -3 ,6  n u c le i sh o w  m u ch  la r g e r  u p f ie ld  
s h i f t  in  th e  t r a n s  is o m e r th a n  in  c i£  is o m e r u p o n  N - te t r a m e th y la t io n  o f
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F ig u re  29









D A C H . T h e  u p f ie ld  s h i f t  o f  th e  t r a n s  is o m e r is  la rg e  e n o u g h  to  
r e v e rs e  th e  r e la t iv e  p e a k  p o s it io n s  in  T M D A C H .
T h e  in t r o d u c t io n  o f  N -m e th y l g ro u p s  a lso  a f fe c ts  th e  c h e m ica l 
s h i f t s  o f  th e  C - 1 , 2 a n d  C -4 ,5  n u c le i b y  th e  ^  a n d  S  e f fe c ts  in  
T M D A C H . N -M e th y l s u b s t i tu e n ts  ca use  la rg e  d o w n f ie ld  s h i f t s  o f  th e
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c a rb o n  b e a r in g  th e  a m in o  g ro u p  ( yS e f f e c t ) .  T h e  C -1  c h e m ic a l s h i f t  is
5 0 .9 4  p pm  in  a m in o c y c lo h e x a n e , b u t  i t  is  d o w n f ie ld  a t 6 4 .2 8  p p m  in  d i -
m e th y la m in o c y c lo h e x a n e . In  th e  c is - 4 - m e th y lc y c lo h e x y la m in e s ,  th e
C -1  a tom  g iv e s  a la r g e r  d o w n f ie ld  s h i f t  f o r  th e  a x ia l a m in o -c o n fo rm e r
th a n  fo r  th e  e q u a to r ia l  a m in o -c o n  fo rm e r  w h e n  n i t r o g e n  is  d im e th y l-
a te d .^ ^ ^  T h e  o b s e rv e d  d o w n f ie ld  s h i f t  f o r  th e  C - 1 , 2 p e a k  is  la r g e r  in
th e  c is -T M D A C H  th a n  in  th e  t r a n s -T M D A C H , a n d  th e  r e la t iv e  p o s it io n s
o f  th e  C - 1 , 2 p e a k s  in  th e  T M D A C H  is o m e rs  a re  th e  r e v e rs e  o f  th o s e  in
th e  D A C H  is o m e rs .
N -M e th y l s u b s t i t u e n ts  a f fe c t  th e  c h e m ic a l s h i f t  o f  th e  C -3  a n d  C -5
n u c le i o n ly  s l ig h t ly  in  a m in o c y c lo h e x a n e s  as can  be  seen  in  th e  fo l lo w in g
c h e m ic a l s h i f t s :  2 6 .3 4  p p m  fo r  - N H ^ , 2 5 .6 8  f o r  -N H M e , a n d  2 6 .4 5  fo r
-N M e ^ . T h e  S  e f fe c t  ca use s  sm a ll u p f ie ld  o r  d o w n f ie ld  s h i f t  a n d  is
d e p e n d e n t o n  th e  s te re o c h e m is t r y  in  a m a n n e r w h ic h  is  n o t  w e ll u n d e r ­
go
s to o d . T h e  c h e m ic a l s h i f t  d i f fe r e n c e  b e tw e e n  th e  tw o  T M D A C H
s te re o is o m e rs  is  v e r y  s m a ll f o r  th e  C -4 ,5  n u c le i a n d  i t  m ay b e  ju s t  a
c o in c id e n c e  th a t  th e  C -4 ,5  p e a k  o f  th e  t r a n s -T M D A C H  h a p p e n s  to
a p p e a r  u p f ie ld  o f  th a t  o f  th e  c is -T M D A C H .
13Q u a n t i ta t iv e  C NM R a n a ly s is  w as c a r r ie d  o u t  d i r e c t ly  on  a s o lu ­
t io n  o f  co m m e rc ia l D A C H  r a th e r  th a n  on  a s o lu t io n  o f  d ih y d r o c h lo r id e  
s a lts  in  o r d e r  to  a v o id  a n y  c o m p lic a t io n  fro m  f r a c t io n a t io n  d u r in g  s a lt  
p r e p a r a t io n .  T a b le  7 s u m m a riz e s  th e  r e s u lt s  o b ta in e d  b y  ^^C  NMR 
a n a ly s is  a n d  b y  GC a n a ly s is  v ia  te t r a m e th y l  d e r iv a t iv e s .  T h e  r e s u lt s  
a re  in  g o o d  a g re e m e n t w i th in  th e  l im i t  o f  e x p e r im e n ta l a c c u ra c y .
In  a d d it io n  to  th e  w id e  c h e m ic a l s h i f t  r a n g e ,  ^^C  NMR a n a ly s is  
o f fe r s  a n o th e r  a d v a n ta g e .  F ro m  th e  c h e m ic a l s h i f t  d a ta ,  s t r u c t u r a l  
in fo rm a t io n  o n  th e  o th e r  c o m p o n e n ts  p re s e n t  in  c r u d e  D A C H  sa m p le s  can
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T able 7
C o m p a ris o n  o f  D A C H  A n a ly s is  b y  GC a n d  NMR
c is  t r a n s
GC (T M D A C H ) 57% 43%
^^C  (D A C H ) 55% 45%
^^C  (T M D A C H ) 55% 45%
be o b ta in e d  d i r e c t ly .  T h e  use  o f  a g a te d  d e c o u p lin g  m ode p ro v id e s  
q u a n t i ta t iv e  d a ta  on  th e  im p u r i t ie s  p re s e n t  as w e ll.
T h e  tim e  r e q u ir e d  to  a c c u m u la te  s u f f ic ie n t  s c a n s  f o r  o b ta in in g  a 
s p e c tru m  w ith  a goo d  s ig n a l- to -n o is e  r a t io  ( S /N )  ca n  be  s h o r te n e d  
s ig n i f ic a n t ly  b y  u s in g  h ig h ly  c o n c e n tra te d  s o lu t io n s  o f  D A C H  sa m p le s  
(50% s o lu t io n )  in  a w id e -b o re  (10 mm O D ) sa m p le  tu b e .  D A C H  is  s u f f i ­
c ie n t ly  b a s ic  to  u n d e rg o  e x c h a n g e  w ith  th e  w e a k ly  a c id ic  p ro to n  in  
c h lo ro fo rm .  U pon  s ta n d in g ,  a c o n c e n tra te d  D A C H  s o lu t io n  in  d e u te r o -  
c h lo ro fo rm  m ay lose  i t s  in t e r n a l  lo c k  s ig n a l.  I t  is  m o re  a d v a n ta g e o u s  to  
r u n  ^^C  NMR s p e c tra  in  d e u te ro b e n z e n e . In  th is  s o lv e n t  d e u te r iu m  
e x c h a n g e  does n o t  o c c u r  a n d  a m u ch  s t r o n g e r  lo c k  s ig n a l is  o b ta in e d
e v e n  fo r  v e r y  c o n c e n tra te d  D A C H  s o lu t io n s .
13T h e  C NMR a n a ly s is  is  a r a p id  a n d  d ir e c t  w a y  to  o b ta in  th e  
is o m e r r a t io  f o r  a D A C H  sam p le  w ith o u t  p r io r  c h e m ic a l t r a n s fo rm a t io n .  
T h e  s p e c tru m  a lso  y ie ld s  s t r u c t u r a l  a n d  q u a n t i ta t iv e  in fo r m a t io n  on 
o th e r  m a te r ia l p re s e n t  in  th e  D A C H  m ix tu r e .  T h e  a d v a n ta g e s  o f  th is  
m e th o d  fo r  th e  d e te rm in a t io n  o f  d ia m in e  d ia s te re o m e r  r a t io s  h a v e  a lso  
bee n  n o te d  b y  o th e rs .
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I I I :  D A C H  N -M E T H Y L A T IO N  R E A C T IO N
I n  o r d e r  to  fa c i l i ta te  th e  GC a n a ly s is  o f  D A C H , N -m e th y la t io n  b y
th e  E s c h w e ile r -C la rk e  p ro c e d u re  w as c a r r ie d  o u t  u s in g  th e  l i t e r a t u r e  
91m e th o d . I n te g r a t io n  o f  th e  c h ro m a to g ra m  o f  th e  r e s u lt in g  p r o d u c t
m ix tu r e  g a v e  an  is o m e r r a t io  th a t  w as in c o n s is te n t  w i th  th a t  o b ta in e d
13 13fro m  C NMR s p e c t ra .  S in ce  th e  C NM R d a ta  w e re  c o n s is te n t  w ith
o th e r  in fo rm a t io n  a lr e a d y  a v a ila b le ,  th e  f a u l t y  GC r e s u lt s  w e re
a t t r ib u t e d  to  some d i f f i c u l t y  a s s o c ia te d  w ith  th e  N -m e th y la t io n  r e a c t io n .
In  o rd e r  to  a s c e r ta in  th e  s o u rc e  o f  th is  d i f f i c u l t y ,  th e  E s c h w e ile r -
C la rk e  N -m e th y la t io n  o f D A C H  m ix tu re s  w as s tu d ie d  in  d e p th .
E s c h w e ile r -C la rk e  N -M e th y la t io n  P ro c e d u re
T h e  r e d u c t iv e  a lk y la t io n  o f  am ines b y  a ld e h y d e s  a n d  k e to n e s  u s in g
fo rm ic  a c id  o r  i t s  d e r iv a t iv e s  is  k n o w n  as th e  L e u c k a r t  r e a c t io n .  In
p a r t i c u la r ,  a v a r ia n t  o f  th e  L e u c k a r t  re a c t io n  e m p lo y e d  to  N -m e th y la te
p r im a r y  a n d  s e c o n d a ry  a m ine s  u s e s  fo rm a ld e h y d e  a n d  fo rm ic  a c id  in
la rg e  e x c e s s  a n d  is  k n o w n  as th e  E s c h w e ile r -C la rk e  p r o c e d u r e . T h e
l i t e r a t u r e  p ro c e d u re  fo r  th e  d im e th y la t io n  o f  b e n z y la m in e  w i th  fo rm ic
a c id  a nd  fo rm a ld e h y d e  c a lls  f o r  r e f lu x in g  th e  m ix tu r e  f o r  8-12 h o u rs  o r
92tw o  to  fo u r  h o u rs  a f te r  gas  e v o lu t io n  ce a se s . In  some cases th e
m ix tu re  is  r e f lu x e d  fo r  24 h o u rs  s in c e  i t  is  d i f f i c u l t  to  d e te c t  th e  s lo w
103gas e v o lu t io n  fro m  a r e a c t io n  m ix tu r e  a t r e f lu x .
In  th is  s tu d y ,  in i t i a l  a t te m p ts  to  N - te t r a m e th y la te  D A C H  sam p les  
b y  th e  E s c h w e ile r -C la rk e  p ro c e d u re  in v o lv e d  r e f lu x  tim e s  o f  18-24  
h o u rs .  H o w e v e r , ^^C  NM R s p e c tra  o f  th e  r e s u l t in g  m a te r ia ls  sh o w e d  
th a t  a c o m p le x  m ix tu r e  o f  p ro d u c ts  a n d  n o t  a s im p le  m ix tu r e  o f  th e
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e x p e c te d  te t r a m e th y l  d e r iv a t iv e s  w as p ro d u c e d .  A  g as  c h ro m a to g ra m  o f
th is  m ix tu r e  s h o w e d  th e  p re s e n c e  o f  an  u n e x p e c te d  p r o d u c t  w h ic h
e a r l ie r  h a d  b e e n  a s s ig n e d  to  one  o f  th e  T M D A C H  is o m e rs ,  th u s ,  g iv in g
13r is e  to  a f a u l t y  is o m e r r a t io .  F ro m  C NMR s p e c t r a ,  i t  w as fo u n d  th a t  
a 2 4 -h o u r  r e f lu x  g a v e  c o m p le te  N - te  tra m e  th y  la t io n  o f  t r a n s -D A C H  a n d  
a ll th e  o th e r  a m ine s  p r e s e n t .  H o w e v e r , th e  N - te t r a m e th y la t io n  o f  
c is -D A C H  w as in c o m p le te  a n d  a m ix tu r e  o f  te t r a m e th y l  a n d  t r im e th y l  
d e r iv a t iv e s  (T M D A C H  a n d  T r iM D A C H )  w as p ro d u c e d .  B e ca u se  o f  th is  
u n e x p e c te d ly  s lo w  c o n v e rs io n  o f  c is - D A C H , th e  fo l lo w in g  s tu d y  o f  th e  
E s c h w e ile r -C la rk e  re a c t io n  w as u n d e r ta k e n .
S tu d y  o f  T im e d  D A C H  M é th y la t io n
In  o r d e r  to  s tu d y  an u n u s u a lly  s lo w  N - te t r a m e th y la t io n  o f
c is -D A C H  b y  th e  E s c h w e i le r -C la rk e  p r o c e d u r e ,  a la r g e  s c a le  re a c t io n
w as c a r r ie d  o u t ;  a n d  th e  p ro g r e s s  o f  th e  re a c t io n  w as m o n ito re d  b y
w o r k in g  u p  a liq u o ts  f ro m  tim e  to  tim e  a n d  a n a ly z in g  th e  p ro d u c ts  b y  GC 
13
a n d  C N M R . T h e  c h a n g e s  in  th e  c h ro m a to g ra m s  as th e  re a c t io n  
p ro g re s s e d  a re  s h o w n  in  F ig .  30.
A t  a r e a c t io n  tim e  o f  th re e  h o u r s ,  th e  c h ro m a to g ra m  sh o w s  th re e  
c o m p o n e n ts . A s  th e  re a c t io n  tim e  is  in c re a s e d ,  v e r y  l i t t l e  c h a n g e  is  
o b s e rv e d  fo r  p e a k s  1 a n d  3 , b u t  a s t r i k in g  c h a n g e  ta k e s  p la c e  fo r  p e a k  
2 . T h e  a re a  u n d e r  p e a k  2 in c re a s e s  u p  to  a r e a c t io n  tim e  o f  18 h o u rs  
a n d  th e n  g ra d u a l ly  d e c re a s e s  u n t i l  i t  is  a lm o s t n e g l ig ib le  a t 6^  d a y s . 
C o n c u r r e n t  w i th  th e  c h a n g e  in  p e a k  2 a re a , a le a d in g  s h o u ld e r  a p p e a rs  
on  p e a k  3. T h is  s h o u ld e r  is  b a r e ly  d is c e rn a b le  a t 6 h o u rs  b u t  becom es 
m ore  p ro m in e n t  as th e  a re a  o f  p e a k  2 d e c re a s e s , f in a l l y  b e c o m in g  th e  
la r g e s t  p e a k  a t 6^  d a y s .  T h e  fo l lo w in g  a s s ig n m e n ts  w e re  m ade b a se d  
on  ^^C  NMR s p e c tra  o f  sa m p le s  o b ta in e d  b y  p r e p a r a to r y  sca le  G C ;
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p e a k  1 -  N , N ,N ',N '- t e t r a m e th y l - 2 - m e th y l - l , 5 - d ia m in o p e n t a n e  ( f ro m  an 
im p u r i t y  in  th e  D A C H  sam p le  u s e d ) ;  p e a k  2 -  c is - T r iM D A C H ; p e a k  3 -  
t r a n s -T M D A C H . T h e  le a d in g  s h o u ld e r  o f  p e a k  3 w as fo u n d  to  be  
c is -T M D A C H .
A lth o u g h  b a s e lin e  s e p a ra t io n  o f  p e a k s  w as n o t  a c c o m p lis h e d , a 
s u f f ic ie n t  re s o lu t io n  o f  c is  a n d  t r a n s -T M D  A C H  w as o b ta in e d  a t g r e a t ly  
r e d u c e d  c o lu m n  te m p e ra tu re  a n d  c a r r ie r  gas f lo w  r a te  to  m ake  a 
c a lc u la t io n  o f  th e  c is / t r a n s  is o m e r r a t io  p o s s ib le .  A lth o u g h  th e  
s e p a ra t io n  o f  T M D A C H  is o m e rs  is  d i f f i c u l t  on  a b a s ic  C a rb o w a x  c o lu m n , 
th e re  is  a c le a n  s e p a ra t io n  o f  c is -T r iM D A C H  fro m  T M D A C H  is o m e rs . I t  
is  p o s s ib le  th a t  o th e r  w o r k e r s  m ay h a v e  m ade an in c o r r e c t  p e a k  a s s ig n ­
m e n t f o r  s im ila r  c h ro m a to g ra m s ; in d e e d  an in c o r r e c t  a s s ig n m e n t w as m ade 
in i t i a l l y  in  th is  s tu d y .  M a k in g  th e  e r ro n e o u s  a s s u m p tio n  th a t  th e  
c is -T r iM D A C H  p e a k  r e p re s e n ts  q u a n t i t a t iv e ly  th e  a m o u n t o f  c is -T M D A C H  
p re s e n t  le a d s  to  a c is / t r a n s -D A C H  r a t io  h e a v ily  b ia s e d  to w a rd  t r a n s  
is o m e r f o r  m é th y la t io n s  b y  th e  E s c h w e ile r -C la rk e  p ro c e d u re  w i th  a 
r e f lu x in g  p e r io d  u n d e r  24 h o u r s .  In  f a c t ,  th e  s u p p l ie r  o f  th is  
p a r t ic u la r  D A C H  sa m p le  (97% p u r e ,  is o m e r r a t io  fo u n d  to  be  55 c is  -  45 
t r a n s ) r e p o r te d  th e  r a t io  as 30 c ^  -  70 t r a n s .
F ro m  th is  s tu d y ,  i t  is  c le a r  th a t  th e  E s c h w e i le r -C la rk e  N -m e th y la -
t io n  o f  c ^  a n d  t r a n s -D A C H  p ro c e e d s  a t q u ite  d i f f e r e n t  r a te s  f o r  th e
tw o  d ia s te re o m . 'rs . U n le s s  o ne  ta k e s  c a re  to  e n s u re  th a t  th e  re a c t io n s
fo r  b o th  is o m e rs  a re  c o m p le te  (a t  le a s t 7 d a y s  r e f lu x in g  u n d e r  a n o rm a l
22E s c h w e ile r -C la rk e  p ro c e d u re  o r  3 -4  d a y s  u n d e r  fo r c in g  c o n d it io n s  ) ,  
th e  r e s u lt in g  GC d a ta  can  b e  e x c e e d in g ly  m is le a d in g . I t  m ay be  
s u rm is e d  th a t  m u ch  o f  th e  e r ro n e o u s  a n a ly t ic a l  d a ta  p r o v id e d  b y  
s u p p lie r s  has r e s u lte d  fro m  a m is in te r p r e ta t io n  o f  th e  c h ro m a to g ra m s  fo r
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N -m e th y la t io n  m ix tu r e s .
A x ia l  E f fe c t
F ro m  c h a n g e s  in  c is / t r a n s  r a t io s  o f  T M D A C H , d e te rm in e d  fro m
13
C s p e c t r a ,  th e  h a lf - t im e  o f  th e  c is -D A C H  te t r a m e th y la t io n  is  
e s t im a te d  to  be  a b o u t 35 h o u rs  ( F ig .  3 1 ) .  A f t e r  th re e  h o u rs  o f  
r e f lu x in g  t r a n s -D A C H  u n d e r  E s c h w e ile r -C la rk e  c o n d it io n s ,  o n ly  
T M D A C H  is  o b s e rv e d .  F ro m  th is  e v id e n c e , th e  h a l f - t im e  fo r  t r a n s -  
D A C H  te t r a m e th y la t io n  is  e s t im a te d  to  be  le s s  th a n  o ne  h o u r .  T h u s  th e  
r a te  o f  fo rm a t io n  o f  th e  te t r a m e th y l  d e r iv a t iv e  o f  c is -D A C H  is  p ro b a b ly  
a t le a s t o n e - f i f t ie t h  (1 /5 0 )  th a t  o f  t r a n s -D A C H .
T h e  o b s e rv e d  d if fe r e n c e  in  th e  N - te t r a m e th y la t io n  ra te s  f o r  th e  
D A C H  d ia s te re o m e rs  is  an  e x a m p le  o f  an  "a x ia l e f f e c t " .  I t  is  w e ll 
k n o w n  th a t  in  t r a n s fo rm a t io n s  w h ic h  in c re a s e  s te r ic  c o n g e s tio n  in  th e  
p r o d u c ts  c o m p a re d  to  th e  s ta r t in g  m a te r ia ls ,  a x ia l g ro u p s  u n d e rg o  
re a c t io n s  m ore  s lo w ly  th a n  e q u a to r ia l g ro u p s .  In  s u c h  r e a c t io n s ,  
t r a n s i t io n  s ta te  e n e rg ie s  f o r  c o n v e rs io n  o f  a x ia l g ro u p s  a re  g r e a te r  th a n  
th o s e  fo r  c o n v e rs io n  o f  e q u a to r ia l g ro u p s .  T h e  m é th y la t io n  o f  22 ta k e s  
p la c e  a b o u t 50 tim e s  fa s te r  th a n  th a t  o f  ( F ig .  3 2 ) .  T h e
re d u c e d  re a c t io n  r a te  o f  a x ia l am ino  c o m p o u n d s  is  a r e f le c t io n  o f  th e  
in c re a s e d  s te r ic  h in d ra n c e  ca u s e d  b y  tw o  1 ,3 - d ia x ia l  h y d ro g e n s  w h ic h  
im p e d e  th e  a p p ro a c h  o f  th e  m e th y la t in g  a g e n t ( F ig .  3 3 ) .
In  c is - D A C H , o ne  o f  th e  am ino  g ro u p s  is  a lw a y s  a x ia l a n d  th u s  th e  
c is  is o m e r is  e x p e c te d  to  sh ow  some d e c re a s e  in  th e  te t r a m e th y la t io n  
r a te  c o m p a re d  to  t r a n s -D A C H  in  w h ic h  b o th  am ino  g ro u p s  a re  e q u a to r ia l^ ^  
( F ig .  3 4 ) .





c is / t r a n s  
R a tio
F ig u re  31 
N -M c th y la t io n  o f  D A C H  M ix tu re s
T h e o re t ic a l
X
- - - o
o E x p e r im e n ta l 
e  r a t io  fro m  tw o  
s e p a ra te  r u n s
X C a lc u la te d  r a t io  
f o r  t^  = 35 h
+
2 3 4
R e a c tio n  T im e  (D a y s )
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F ig u re  32 
A x ia l E f fe c t
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F ig u re  33 
1 ,3 -D ia x ia I  In te r a c t io n
M e
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F ig u re  34








1 0 0 % n o t  fo u n d
M é th y la t io n  o f  T r iM D A C H  
13GC a n d  C NMR d a ta  sh o w  th a t  th e  s lo w e s t s te p  o f  th e  N - t e t r a ­
m e th y la t io n  o f  c is -D A C H  b y  th e  E s c h w e ile r -C la rk e  p ro c e d u re  is  th e  
c o n v e rs io n  o f  T r iM D A C H  to  T M D A C H , T h e  s lo w n e s s  o f  th is  s te p  is  
a t t r ib u t e d  to  tw o  fa c to r s :  an  u n fa v o ra b le  e q u il ib r iu m  d is t r ib u t io n  o f
th e  m ore  re a c t iv e  c o n fo rm e r  a n d  th e  a x ia l e f fe c t ,  w h ic h  im p e d e s  th e  
r e a c t io n  o f  th e  m o re  a b u n d a n t  c o n fo rm e r .
T h e  p re fe re n c e  o f  a c y c lo h e x a n e  s u b s t i t u e n t  to  o c c u p y  an 
e q u a to r ia l  p o s it io n  o v e r  an  a x ia l p o s it io n  is  e x p re s s e d  as th e  A - v a lu e ,  
w h ic h  is  - A G °  fo r  th e  t r a n s fo rm a t io n  s h o w n  in  F ig .  35. T h e  s m a lle r  
A - v a lu e  o f  th e  m e th y la m in o  g ro u p  c o m p a re d  w ith  th e  d im e th y la m in o  
g ro u p  in d ic a te s  th a t  th e  fo rm e r  h a s  le s s  p re fe re n c e  f o r  th e  e q u a to r ia l 
p o s it io n  th a n  th e  la t t e r .  T h u s  in  th e  e q u il ib r iu m  s h o w n  in  F ig . 36, 
th e  c o n fo rm a tio n  w i th  an  a x ia l m e t iiy la m in o  g ro u p  ( 24 ) ,  is  fa v o re d  
o v e r  th e  c o n fo rm a tio n  w i th  an  a x ia l d im e th y la m in o  g ro u p  ( 25 ) .
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F ig u re  35 
A -V a lu e s  o f  C y c lo h e x y la m ii io s
R A -V a lu e s
NHMe 1 .2 9  (1 9 5 ° K )
N M e , 1 .5 3  (1 8 3 °K )
F ig u re  36
c is -T r iM D A C H  C o n fo rm a t io n a l E q u i l ib r iu m
NHMe
5
N M e 2
NHMe
2 ^  is  e x p e c te d  to  sh o w  d e c re a s e d  r e a c t iv i t y  s in c e  t l ie  r e a c t iv e  
g ro u p  is  a x ia l .  T h e r e fo r e  th e  r a te  o f  c o n v e rs io n  o f  24 to  T M D A C H  is  
e x p e c te d  to  be  c o n s id e r a b ly  s lo w e r  th a n  th e  s im ila r  c o n v e rs io n  o f  th e  
c o r re s p o n d in g  t r a n s -D A C H  d e r iv a t iv e .
T h e  r e a c t iv i t y  o f  25 , w i th  th e  r e a c t iv e  g ro u p  in  an e q u a to r ia l 
p o s i t io n ,  is  e x p e c te d  to  be  c o m p a ra b le  to  th a t  o f  th e  c o r re s p o n d in g  
t r a n s -D A C H  d e r iv a t iv e .  H o w e v e r ,  s in c e  25 is  a m in o r  c o n fo rm e r ,  th e  
fo rm a t io n  o f  T M D A C H  fro m  25 is  e x p e c te d  to  be  s lo w  u n d e r  th e  
p s e u d o - f i r s t  o r d e r  k in e t ic s  a ssum ed  f o r  th e  E s c h w e i le r -C la rk e  p ro c e d u re  
w ith  a la rg e  e x c e s s  o f  r e a g e n ts .
T h e s e  tw o  fa c to r s  th e n  m ake  th e  o v e r - a l l  r a te  o f  c is -T M D A C H
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fo rm a t io n  s ig n i f ic a n t ly  s lo w e r  th a n  th e  fo rm a t io n  o f  t r a n s -T M D  A C H .
T h is  is  n o t  in te n d e d  to  b e  a r ig o r o u s  a rg u m e n t ,  b u t  m e re ly  a ra t io n a le  
f o r  th e  o b s e rv e d  s lo w  N - te t r a m e th y la t io n  o f  c is -D A C H  c o m p a re d  w ith  
th a t  o f  t r a n s -D A C H  b a s e d  on  a s im p l if ie d  r e a c t io n  schem e s h o w n  in  F ig .  
37.
F ig u re  37 
F o rm a tio n  o f  c is -T M D A C H
N M e 2




NMe N M e
R a te  = k  J  24 ]  + [  ^ ]
= k ,  [  24 1 + k ,  K  [ 24]
a n d  k ^  a re  r e la t iv e ly  s m a ll. R a te  is  r e la t iv e ly  s m a ll.
A - v a lu e s  g iv e n  f o r  m e th y la m in o  a n d  d im e th y la m in o  g ro u p s  c a n n o t 
be  u s e d  to  c a lc u la te  th e  r e la t iv e  p o p u la t io n  o f  th e  tw o  c o n fo rm e rs  o f  
c is -T r iM D A C H  u n d e r  th e  E s c h w e i le r -C la rk e  c o n d it io n s .  A -v a lu e s  a re  
te m p e ra tu re -d e p e n d e n t  a n d  a re  e x p e c te d  to  be  la r g e r  a t th e  r e la t iv e ly  
h ig h  te m p e ra tu re s  o f  th e  E s c h w e i le r -C la rk e  p ro c e d u r e  th a n  a t lo w e r  
te m p e ra tu re s  (b e lo w  2 0 0 ° K ) . H o w e v e r ,  h o w  th e  te m p e ra tu re
a f fe c ts  each  A - v a lu e  is  n o t  k n o w n  a n d  th e  e q u i l ib i r iu m  c o n s ta n t  a n d  th e




c o n fo rm e r  d is t r ib u t io n  a t th e  re a c t io n  te m p e ra tu re  c a n n o t b e  c a lc u la te d  
fro m  th e  a v a ila b le  d a ta .
I t  s h o u ld  a lso  b e  n o te d  th a t  th e  A -v a lu e s  g iv e n  a re  c a lc u la te d  fro m  
e q u il ib r iu m  c o n s ta n ts  f o r  th e  con  fo rm a t io n  a l e q u i l ib r ia  o f  4 - a lk y lc y c lo -  
h e x y la m in e s . T h e s e  v a lu e s  a re  n o t  s t r i c t l y  a p p lic a b le  to  v ic in a l  
d ia m in o c y c lo h e x a n e s  s in c e  th e  e x p e r im e n ta l v a lu e s  do  n o t  ta k e  in to  
a c c o u n t a n y  1 ,2 -d ia m in e  in te r a c t io n s .
13U s in g  e m p ir ic a l s h i f t  p a ra m e te rs ,  C c h e m ic a l s h i f t s  can  be  c a l­
c u la te d  to  a s s is t  in  th e  s t r u c t u r a l  id e n t i f ic a t io n  o f  o rg a n ic  c o m p o u n d s . 
T a b le  8 g iv e s  th e  c a lc u la te d  c h e m ic a l s h i f t s  o f  r in g  c a rb o n s  in  th e  tw o  
con  fo rm e rs  o f c is -T r iM D A C H  (b a s e d  on  th e  p a ra m e te rs  f o r  c y c lo h e x y l-  
a m ine s  r e p o r te d  b y  B o o th  e t a l . ^ ^ ^ )  a lo n g  w i th  th e  c h e m ic a l s h i f t s  
o b s e rv e d  a t a m b ie n t te m p e ra tu re .  T h e  o b s e rv e d  c h e m ic a l s h i f t s  f i t  
b e t t e r  f o r  24 , b u t  th e  c h e m ic a l s h i f t  d if fe r e n c e s  fo r  th e  tw o  c o n fo m e rs  
a re  to o  sm a ll f o r  s u c h  a c o n c lu s io n  a n d  i t  is  m e a n in g le s s  to  e s tim a te  th e  
e q u il ib r iu m  d is t r ib u t io n  o f  tw o  c o n fo rm e rs .  T h e  sm a ll d if fe re n c e s  in  th e  
c h e m ic a l s h i f t s  o f  th e  tw o  c o n fo rm e rs  a r is e  fro m  o p p o s in g  e f fe c ts  o f  
s im ila r  m a g n itu d e . F o r  e x a m p le , a C -1  a tom  e x p e r ie n c e s  an u p f ie ld  
s h i f t  o f  3 .4  p pm  d u e  to  th e  a x ia l ^ ^ (-d im e th y la m in o  g ro u p  in  25 , b u t  
in  th e  same c a rb o n  e x p e r ie n c e s  an  u p f ie ld  s h i f t  o f  3 .7  p pm  d u e  to
th e  -m e th y la m in o  g ro u p  a t th e  a x ia l p o s i t io n .  T h e s e  tw o  o p p o s in g  
e f fe c ts  r e s u l t  in  v e r y  s m a ll c h e m ic a l s h i f t  d if fe r e n c e s  (6 7 .0  p p m  fo r  24 ; 
6 7 .3  p pm  fo r  ) .  I t  is  in t e r e s t in g  to  n o te  th a t  th e  m a g n itu d e s  o f  
th e  tw o  s te r ic  s h i f t s  a re  n o t  th e  same fo r  a C -2  a to m . In  24 , th e  
a x ia l Ç (- m e th y la m in o  g ro u p  p ro d u c e s  an u p f ie ld  s h i f t  o f  5 .1  p p m  b u t  
t h a t  d u e  to  th e  a x ia l . ^ - d im e th y la m in o  g ro u p  is  o n ly  0 .5  p p m , g iv in g  
c a lc u la te d  s h i f t s  o f  5 5 .9  p pm  fo r  24 a n d  6 0 .5  f o r  25 . T h e  C -2
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c a rb o n  is  th e  o n ly  o n e  th a t  s h o w s  s ig n i f ic a n t  c h e m ic a l s h i f t  d if fe r e n c e s  
a n d  th e  a g re e m e n t o f  th e  o b s e rv e d  ch e m ic a l s h i f t  o f  t h is  c a rb o n  
c o m p a re d  to  th a t  c a lc u la te d  fo r  24 is  re m a rk a b le  (T a b le  8 ) .
C a lc u la te d  C h e m ica l S h if ts
T a b le  8
O b s e rv e d  C h e m ic a l S h if ts
24 25
6 7 .0 6 7 .3 6 7 .5
5 5 .9 6 0 .5 5 5 .8
2 8 .2 2 6 .3 2 7 .5
2 5 .5 2 6 .2 2 5 .5
2 3 .0 2 4 .8 2 5 .2
1 8 .9 18 .5 19 .0
In  o r d e r  to  c a r r y  o u t  a r ig o r o u s  a n a ly s is  o f  th e  k in e t ic s  o f  th e s e  
m é th y la t io n  r e a c t io n s ,  m o re  in fo rm a t io n  on  th e  re a c t io n  ra te s  o f  v a r io u s  
s te p s  in  th e  p ro c e s s  a re  n e e d e d . W ith  th e  l im ite d  d a ta  a v a ila b le  a t th is  
t im e , s u c h  a d is c u s s io n  is  n o t  p o s s ib le  a n d  th e  s im p l if ie d  v ie w  
p re s e n te d  m u s t s u f f ic e .
R e a c t iv i t y  o f  c is -D A C H
T h e  p o s s ib le  g ro u n d s  f o r  th e  s low  N - te t r a m e th y la t io n  o f  c is -D A C H  
a re  d is c u s s e d  in  th e  p re v io u s  s e c t io n .  In  l i g h t  o f  th e s e  f in d in g s  th e  
r e p o r te d  fa i lu r e  to  o b ta in  th e  te t r a a c e t ic  a c id  d e r iv a t iv e  o f  c is -D A C H , 
u s in g  a m e th o d  w h ic h  w as u s e d  s u c c e s s fu l ly  to  p re p a re  th a t  o f  
t r a n s -D A C H ^ ^  is  u n d e rs ta n d a b le  ( F ig . 3 8 ) .
I t  is  im p o r ta n t  to  v e r i f y  th e  c o m p le te n e s s  o f  th e  c h e m ica l 
c o n v e rs io n  o f  e ach  is o m e r in  th e  GC a n a ly s is  o f  D A C H  d e r iv a t iv e s .
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T h e re  a re  a n u m b e r  o f  w a y s  o f  p r e p a r in g  N -m e th y la te d  a m ine s  f o r  GC 
a n a ly s is  w h ic h  a re  r e p o r te d  to  b e  s im p le r  a n d  m o re  r a p id  th a n  th e  
E s c h w e ile r -C la rk e  p r o c e d u r e , b u t  i t  is  n e c e s s a ry  to  te s t  th e s e
m e th o d s  f o r  th e  q u a n t i ta t iv e  c o n v e rs io n  o f  e a ch  is o m e r  b e fo re  a p p ly in g  
th e m  to  th e  a n a ly s is  o f  D A C H . S u ch  a v e r i f ic a t io n  has n o t  b e e n  
r e p o r te d  f o r  th e  G C a n a ly s is  o f  D A C H  a f te r  t r i f lu o r o a c e ty la t io n  a n d  
th e r e fo r e ,  th is  r e p o r te d  a n a ly t ic a l  m e t h o d ^ m a y  n o t  b e  a c c u ra te .
F ig u re  38 
F o rm a tio n  o f  D A C H T A
NH 2 4CICH2CO2H
- - N H 2
N ( C H 2 C 0 2 H ) 2  
--N(CH2C02H)2
N  H2
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I V :  A S Y M M E T R IC  S Y N T H E S IS  W IT H  C H IR A L  D A C H  D E R IV A T IV E S
In  th e  p a s t d e c a d e , a s y m m e tr ic  s y n th e s is  h as  becom e one o f  th e
111-115m o s t in te n s e ly  s tu d ie d  s y n th e t ic  m e th o d o lo g ie s . I t  is  e s p e c ia lly
r e le v a n t  to  th e  to ta l  s y n th e s is  o f  c o m p le x  n a tu r a l  p r o d u c ts  in  w h ic h  
s y n th e t ic  s t r a te g y  n e e d s  to  ta k e  in to  a c c o u n t c o n t r o l  o f  th e  a b s o lu te  
s te re o c h e m is t r y . A s y m m e tr ic  s y n th e s is  is  fo rm a lly  d e f in e d  as "a  
r e a c t io n  in  w h ic h  an a c h ira l u n i t  in  an e n se m b le  o f  s u b s t r a te  m o le c u le s  
is  c o n v e r te d  b y  a r e a c ta n t  in t o  a c h ir a l  u n i t  in  s u c h  a m a n n e r th a t  th e  
s te re o is o m e r ic  p r o d u c ts  a re  p ro d u c e d  in  u n e q u a l a m o u n ts . E a r l ie r ,
in  S e c tio n  I ,  e x a m p le s  o f  a s y m m e tr ic  s y n th e s e s  u s in g  c h ir a l  D A C H  a n d  
i t s  d e r iv a t iv e s  h a v e  b e e n  c i te d .  T h e s e  e x a m p le s  in c lu d e d  a s y m m e tr ic  
h y d ro g e n a t io n  w i th  a s o lu b le  rh o d iu m  c o m p le x  o f  c h ir a l  a m in o p h o s p h in e s  
a n d  a lk y l l i t h iu m  a d d it io n  to  a ld e h y d e s  a n d  k e to n e s  in  th e  p re s e n c e  o f  
T M D A C H . (See p p  3 6 -3 8 .)
O ne a re a  o f  a s y m m e tr ic  s y n th e s is  o f  s p e c ia l in t e r e s t  to  th is  a u th o r
117is  a s y m m e tr ic  r e d u c t io n  w i th  c h ir a l  m e ta l h y d r id e  re a g e n ts .  P re v io u s  
s tu d ie s  o f  m o d if ie d  b o r o h y d r id e  re a g e n ts  a n d  l i t h iu m  a lu m in u m  h y d r id e  
re a g e n ts  m o d if ie d  w i th  a m in o d io ls  h a v e  b e e n  r e p o r te d  e ls e w h e re . ^
In  th is  s t u d y ,  th re e  d e r iv a t iv e s  o f  c h ir a l  D A C H  w e re  p re p a re d  a n d  
a s y m m e tr ic  k e to n e  r e d u c t io n  u s in g  l i th iu m  a lu m in u m  h y d r id e  
re a g e n ts  m o d if ie d  w ith  th e s e  new  c h ir a l  l ig a n d s  w e re  in v e s t ig a te d .
A s y m m e tr ic  R e d u c t io n
L ith iu m  te t r a h y d r id o a lu m in a te  (m o re  co m m on ly  c a lle d  l i th iu m  
a lu m in u m  h y d r id e  a n d  s y m b o liz e d  as L iA lH ^  o r  L A H )  is  a u s e fu l r e a g e n t
fo r  th e  r e d u c t io n  o f k e to n e s  to  s e c o n d a ry  a lc o h o ls . 120 B y  re p la c in g
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one  o r  m ore  o f  th e  h y d ro g e n s  in  L A H  w ith  c h ir a l  l ig a n d s ,  c h ir a l  
r e a g e n ts  o f  th e  ty p e  L iA lH ^ _ ^ L ^  (n  = 1, 2 , o r  3 ; L  = c h ir a l  l ig a n d )  
a re  o b ta in e d .  W hen th e s e  c h i r a l ly  m o d if ie d  re a g e n ts  a re  a llo w e d  to  
r e a c t  w i th  u n s y m m e tr ic a l k e to n e s ,  e n a n t io m e r ic  a lc o h o ls  m ay b e  fo rm e d  
in  u n e q u a l a m o u n ts . T h e s e  re a g e n ts  can  a lso  be  u s e d  to  o b ta in  
is o to p ic a l ly  la b e le d  c h ir a l  p r im a r y  a lc o h o ls  b y  th e  a s y m m e tr ic  r e d u c t io n  
o f  d e u te r iu m  ( o r  t r i t iu m ) - la b e le d  a ld e h y d e s . A l t e r n a t iv e ly ,  c h ir a l  
p r im a r y  la b e le d  a lc o h o ls  can  b e  o b ta in e d  b y  th e  a s y m m e tr ic  r e d u c t io n  o f  
u n la b e le d  a ld e h y d e s  b y  c h ir a l ly  m o d if ie d  L A D  ( o r  L A T )  re a g e n ts .
In  th e  e a r l ie s t  r e p o r t s  o f  a s y m m e tr ic  r e d u c t io n s  b y  c h ir a l ly  
m o d if ie d  L A H  r e a g e n ts ,  a lc o h o ls  s u c h  as ( - ) -m e n th o l,  ( - ) - b o rn e o l a n d  
( - ) - is o b o r n e o l  w e re  u s e d  as c h ir a l  m o d ify in g  l ig a n d s .  T h e s e  re a g e n ts  
g a v e  o n ly  a sm a ll a m o u n t o f  a s y m m e tr ic  in d u c t io n  ( le s s  th a n  5% e .e .  ) .  
H o w e v e r , in  th e  r e d u c t io n  o f  a m in o k e to n e s , an e x c e p t io n a l ly  h ig h  
d e g re e  o f  a s y m m e tr ic  in d u c t io n  b y  th e s e  re a g e n ts  w as n o te d .  I t  is  
k n o w n  th a t  th e  r e d u c t io n  o f  k e to n e s  b y  L A H  is  a s s is te d  b y  th e  e le c t r o -  
p h i l ic  c o o rd in a t io n  o f  th e  c a rb o n y l o x y g e n  b y  th e  l i th iu m  c a t io n .  I t  is  
t h o u g h t  th a t  in  th e  r e d u c t io n  o f  o ( -  a n d  -a m in o k e to n e s , th e  l i th iu m  
c a t io n  is  a lso  c o o rd in a te d  to  a n it r o g e n  a tom  to  fo rm  a f i v e -  o r  
s ix -m e m b e re d  c h e la te  r i n g . A  r e d u c t io n  p ro c e e d in g  v ia  s u c h  c y c l ic
117in te rm e d ia te s  is  th o u g h t  to  b e  c a p a b le  o f  e n h a n c e d  s te r e o s e le c t iv i t y .
T h e  c o o rd in a t in g  h e te ro a to m  (w h ic h  can  b e  o x y g e n  o r  n i t r o g e n ,
117
b u t  n o t  s u l f u r  ) can b e  a p a r t  o f  th e  k e to n e  s u b s t r a te ,  as in  th e  
cases c ite d  a b o v e , o r  i t  can  be  p a r t  o f  th e  c h ir a l  l ig a n d .
W ith  a m in o d io ls  26 a n d  27 in te rm e d ia te  c o m p le x e s  s u c h  as 
^  , fo rm e d  b y  th e  c o o rd in a t io n  o f  a l i th iu m  io n  to  th e  l ig a n d  a n d  to  
th e  s u b s t r a te ,  h a v e  b e e n  p ro p o s e d  ( F ig .  3 9 ) .  E x a m in a t io n  o f  s p a c e ­
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f i l l i n g  m od e ls  s h o w e d  th a t  n i t r o g e n  a n d  tw o  o x y g e n s  o f  th e  d ih y d r o -  
a lu m in a te  in te rm e d ia te  fo rm  a p o c k e t  in t o  w h ic h  a l i t h iu m  io n  can f i t  
p e r f e c t ly .  T h e  l i th iu m  io n  can  f u r t h e r  c o o rd in a te  w ith  th e  c a rb o n y l 
o x y g e n  o f  s u b s t r a te  k e to n e s  to  fo rm  a t i g h t  c o m p le x  b e tw e e n  re d u c in g  
a g e n t a n d  s u b s t r a te .
F ig u re  39 







R = n B u  
_tBu
( R ) -  o r  ( S ) -  
* C H (C H ^ )P h
27
R+ = ( R ) -





L A H  m o d if ie d  w i th  29 a n d  30 ( F ig .  40) g iv e s  re a g e n ts  t h a t  a re
h ig h ly  e f fe c t iv e  a n d  a re  r e p o r te d  to  g iv e  s e c o n d a ry  a lc o h o ls  w ith  b e t t e r
th a n  95% e .e .  W ith  s u c h  a s u c c e s s , o ne  w o u ld  e x p e c t  a w id e
a p p lic a t io n  o f  a s y m m e tr ic  r e d u c t io n  w i th  m o d if ie d  L A H  re a g e n ts  in
o rg a n ic  s y n th e s is .  A  n u m b e r  o f  s y n th e t ic  a p p lic a t io n s  o f  th e s e
re a g e n ts  in  th e  sm a ll s c a le  p r e p a ra t io n  o f  n a tu r a l  p r o d u c ts  h as  b e e n
r e p o r te d .  H o w e v e r ,  n o  la rg e  sca le  a p p lic a t io n  o f  m o d if ie d  L A H
128a s y m m e tr ic  r e d u c t io n  h a s  b e e n  r e p o r te d .
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T h e  fa c to rs  l im i t in g  th e  w id e  a p p lic a t io n  o f  th is  m e th o d  h a v e  bee n  
117d is c u s s e d  e ls e w h e re . O ne  d i f f i c u l t y  w i th  M u k a iy a m a 's  m o d if ie r s  ( 30 ) ,  
in  s y n th e t ic  a p p lic a t io n s  is  th a t  th e s e  l ig a n d s  a re  p re p a re d  fro m  
n a tu r a l ly  o c c u r in g  ( S ) - p r o l in e  a n d  th u s  o n ly  o ne  e n a n tio m e r  o f each  
l ig a n d  is  r e a d i ly  a v a i la b le .  T h e re fo re  th e  c h ir a l  se n se  o f  th e  h y d r id e  
t r a n s fe r  is  l im ite d  to  th e  p ro d u c t io n  o f  o n ly  one  a b s o lu te  c o n f ig u r a t io n ,  
e v e n  i f  i t  is  n o t  th e  d e s ire d  c o n f ig u r a t io n .  T h is  is  a lso  t r u e  o f  m an y  
o th e r  L A H  m o d if ie rs  s u c h  as D a rv o n  a lc o h o l,  N -m e th y le p h e d r in e ,  
q u in in e  a n d  o th e r  a lk a lo id s .  D A C H , on  th e  o th e r  h a n d ,  is  a c o n v e n ie n t  
a n d  v e rs a t i le  s ta r t in g  m a te r ia l f o r  th e  p r e p a ra t io n  o f  c h ir a l  d ia m in e  
m o d if ie rs  s in c e  b o th  e n a n tio m e rs  o f  D A C H  a re  r e a d i ly  a v a ila b le .
F ig u re  40 
C h ir a l  L A H  M o d if ie rs
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R = 2-m e t h o x y  p h e n y l 
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R = 4 - p y r id y l  
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R = 2 , 6 -d im e th y lp h e n y l
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P re p a ra t io n  o f  C h ir a l D e r iv a t iv e s  o f  D A C H
N , N '- D ia lk y l  D A C H  d e r iv a t iv e s  h a v e  b e e n  p re p a re d  b y  a r o u n d ­
a b o u t r o u te  r a t h e r  th a n  b y  a d i r e c t  a lk y la t io n  o f  D A C H  w ith  a lk y l
h a l id e s ,  s in c e  i t  is  d i f f i c u l t  to  c o n t r o l  th e  a lk y la t io n  o f  d ia m in e s  to
129
o b ta in  o n ly  th e  N , N '- d ia lk y l  p r o d u c t .
R e a c tio n s  o f  ( - ) - ( R , R ) - D A C H  w ith  e th y l  c h lo ro fo rm a te ^ ^  a n d  a c e tic  
a n h y d r id e ^ ^ ^  y ie ld e d  th e  c o r re s p o n d in g  b is c a rb a m a te  a n d  d ia m id e , 
r e s p e c t iv e ly .  L A H  r e d u c t io n  o f  th e s e  p r o d u c ts  le a d s  to  th e  fo rm a t io n  o f  
N ,N '- d im e th y l-D A C H  (D M D A C H ) a n d  N , N '- d ie th y l- D A C H  (D E D A C H ) as 
s h o w n  in  F ig . 41 . R e p o r te d  y ie ld s  f o r  th e  L A H  r e d u c t io n  s te p  w e re  
o n ly  m o d e ra te ; o v e ra l l  y ie ld s  w e re  54% f o r  D M D A C H  (a s  th e  d ih y d r o ­
c h lo r id e  s a lt )  a n d  31% f o r  D E D A C H . R e d u c t io n  o f  th e  b is c a rb a m a te  
r e q u i r e d  a la rg e  e x c e s s  o f  L A H  ( lO g  L A H  fo r  9g s u b s t r a te )  a n d  a lo n g  
r e f lu x in g  p e r io d .  T h e  d ib e n z a m id e  o f  D A C H  w as a lso  p re p a re d  b u t  
i t s  L A H  r e d u c t io n  to  N , N '- d ib e n z y l-D A C H  (D B D A C H ) w as u n s u c c e s s fu l 
b e c a u s e  i t  w as h ig h ly  in s o lu b le  in  s u ita b le  o rg a n ic  s o lv e n ts .
In  th is  s tu d y ,  D B D A C H  w as p re p a re d  b y  N a B H ^ r e d u c t io n  o f  th e  
d iim in e  p re p a re d  fro m  D A C H  a n d  b e n z a ld e h y d e  ( F ig . 4 2 ) .  A lth o u g h  th e  
y ie ld  o f  c ru d e  D B D A C H  w as 99%, th e  y ie ld  o f  p u r e  p r o d u c t  w as o n ly  
71% b e c a u s e  th e  h ig h - b o i l in g  D B D A C H  u n d e rw e n t  some d e c o m p o s itio n  
d u r in g  th e  f in a l  d is t i l la t io n  s te p  (b p  2 1 3 -2 1 4 °C  a t 0 .7  m m llg ) .  In  th is  
tw o  s te p  s y n th e s is ,  th e  c ru d e  d iim in e  w as is o la te d  b e fo re  th e  r e d u c t io n  
s te p ,  s in c e  th e  o n e -p o t r e d u c t iv e  a lk y la t io n  o f  D A C H  w ith  b e n z a ld e h y d e  
m ig h t  le a d  to  an  u n d e s ira b le  m ix tu r e  o f  m o n o - , d i - ,  t r i - ,  a n d  t e t r a -  
a lk y l  p r o d u c ts .
R acem ic  t r a n s -D P H H Q  w as p re p a re d  fro m  a c o m m e rc ia l D A C H
21m ix tu r e  a n d  b e n z il  b y  a l i t e r a t u r e  m e th o d . I t  w as re d u c e d  w ith
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F ig u re  41 
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F ig u re  42 
S y n th e s is  o f  D B D A C H
N H 2
O
+  2 PhCH Toluene
— H 2O
LAH
“ “ NHAc EfgO
N=CHPh NoBH^
^“ “ N=*CHPh MeOH
a
N H C H g P h  
-N HCH2 Ph
DBDACH
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
76
N a B H ^  in  m e th a n o l to  a m ix tu r e  o f  2 , 3 -d ip h e n y ld e c a h y d r o q u in o x a l in e  
(D P D H Q ) d ia s te re o m e rs  (d e s ig n a te d  as t / t  a n d  c / t  is o m e rs ;  F ig .  43) in  
96% y ie ld .  T h e  t / t : c / t  is o m e r r a t io  w as 7 9 :2 1 . A  t h i r d  p o s s ib le ,  
d ia s te re o m e r  w as n o t  o b s e rv e d .  T h e  tw o  d ia s te re o m e rs  p re s e n t  w e re  
e a s ily  d is t in g u is h e d  b y  p ro to n  N M R . T h e  s y m m e tr ic a l t / t  is o m e r sh o w e d  
a s in g le t  f o r  th e  b e n z y l ic  p ro to n s  a t ^ 3 . 8 2 ;  th e  u n s y m m e tr ic a l c / t  
is o m e r s h o w s  a p a i r  o f  d o u b le ts  a t  ^ 4 . 1 7  a n d  4 .6 3  ( J  = 7 H z ) .  T h e  
in te g r a t io n  o f  th e  p e a k  a re a s  o f  th e s e  s ig n a ls  p r o v id e d  th e  is o m e r  r a t io  
in  th e  m ix tu r e .  D u r in g  th e  h y d r o ly s is  o f  e x c e s s  h y d r id e s  as p a r t  o f  
th e  re a c t io n  w o r k u p ,  th e  d ih y d r o c h lo r id e  s a lt  o f  th e  t / t  is o m e r 
s e le c t iv e ly  p r e c ip i ta te d  o u t  o f  th e  re a c t io n  m ix tu r e .  T h e  w o rk u p  o f  th is  
p re c ip i ta te d  s a lt  s e p a ra te ly  fro m  th e  r e s t  o f  th e  r e d u c t io n  p r o d u c t  s t i l l  
in  s o lu t io n ,  g a v e  p u r e  t / t  is o m e r in  70% y ie ld .  I t  w as f u r t h e r  p u r i f ie d  
b y  r e c r y s ta l l iz a t io n  fro m  a q u e o u s  e th a n o l.  F ro m  th e  re m a in in g  
r e d u c t io n  m ix tu r e ,  a p r o d u c t  now  e n r ic h e d  in  c / t  is o m e r w as o b ta in e d .  
H o w e v e r , th e  c / t  is o m e r c o u ld  n o t  b e  is o la te d  in  p u r e  fo rm  b y  f r a c t io n a l  
r e c r y s ta l l iz a t io n  o r  b y  t h in  la y e r  c h ro m a to g ra p h y .
A n  a n a lo g o u s  re a c t io n  o f  ( - ) - ( R , R ) - D A C H  w ith  b e n z il g a v e  
o p t ic a l ly  a c t iv e  t r a n s -D P H H Q  (D P H H Q * ) .  T h e  N a B H ^  r e d u c t io n  o f  
D P H H Q * in  m e th a n o l g a v e  a m ix tu r e  o f  tw o  o p t ic a l ly  a c t iv e  d ia s te re o m e rs , 
t / t -D P D H Q *  a n d  c / t - D P D H Q * ,  in  a 7 8 :2 2  is o m e r r a t io .  A g a in ,  th e  d i ­
h y d r o c h lo r id e  s a lt  o f  t / t - D P D H Q *  s e le c t iv e ly  p r e c ip i ta te d  o u t  o f  th e  
re a c t io n  m ix tu r e  d u r in g  th e  w o r k u p .  t / t - D P D H Q *  w as p u r i f ie d  b y  s low  
r e c r y s ta l l iz a t io n  fro m  m e th a n o l- w a te r . S in c e  th e  N a B H ^  re d u c t io n  o f  
D P H H Q  w as fo u n d  n o t  to  be  a s u ita b le  m e th o d  fo r  th e  p re p a ra t io n  o f  
p u re  c / t - D P D H Q , th e  r e d u c t io n  o f  D P H H Q * w as a tte m p te d  w i th  v a r io u s  
re a g e n ts  in  th e  h o p e  th a t  a r e d u c t io n  s y s te m  th a t  w o u ld  g iv e  a h ig h e r
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F ig u re  43 
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c / t - D P D H Q ^
Ph
not found
p e rc e n ta g e  o f  th e  c / t  is o m e r c o u ld  be  fo u n d .
S te re o s e le c t iv e  R e d u c t io n  o f  D P H H Q
A lth o u g h  th e  s te re o c h e m is t r y  o f  c a rb o n -o x y g e n  d o u b le  b o n d  
re d u c t io n s  has b e e n  e x te n s iv e ly  s tu d ie d ,  th e re  h a v e  b e e n  o n ly  a fe w  
s te re o c h e m ic a l s tu d ie s  o f  c a rb o n - n i t r o g e n  d o u b le  b o n d  r e d u c t io n s .
Y e t th e  s te re o s e le c t iv e  r e d u c t io n  o f  c y c l ic  im in e s  w o u ld  p r o v id e  a 
c o n v e n ie n t  e n t r y  in to  v a r io u s  b io lo g ic a l ly  a c t iv e  in d o l in e s  a n d
133-135
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is o q u in o l in e  a lk a lo id s . Im in e s  a re  n o t  as s ta b le  as k e to n e s  a n d
a ld e h y d e s  a n d  a re  m ore  s u s c e p t ib le  to  h y d r o ly s is ,  p o ly m e r iz a t io n  a n d
138 '
is o m e r iz a t io n  to  e n a m in e s . T h e re  is  a lso  th e  a d d e d  c o m p lic a t io n  o f
s y n - a n t i  is o m e r iz a t io n .  P e rh a p s  th e s e  fa c to r s  h a v e  d is c o u ra g e d
s y s te m a tic  in v e s t ig a t io n s .  In  th e  r e d u c t io n  o f  an im in e  c a rb o n -n it r o g e n
d o u b le  b o n d ,  re a g e n ts  e x h ib i t  d i f f e r e n t  s te re o s e le c t iv i t ie s  a n d  th e s e
a re  som e tim es q u ite  d i f f e r e n t  fro m  th o s e  o b s e rv e d  fo r  c a rb o n y l 
135r e d u c t io n s .  In  a p r e p a ra t io n  o f  c h ir a l  f lu o r o a lk y la te d  a m in e s , P ir k le
e t a l.  s tu d ie d  th e  s te r e o s e le c t iv i t y  o f  im in e  r e d u c t io n  w ith  a n u m b e r  o f
re d u c in g  a g e n ts .  I t  w as d e m o n s tra te d  th a t  th e  d ia s te re o m e r  r a t io  o f
th e  p r o d u c t  m ix tu r e  can  be  v a r ie d  w id e ly  b y  a d ju s t in g  th e  re a c t io n  
139c o n d it io n s .  S im i la r ly ,  in  th e  p re s e n t  w o rk  a s e r ie s  o f  D P H H Q * 
re d u c t io n s  w as c a r r ie d  o u t .  T h e  r e s u lt s  a re  s u m m a riz e d  in  T a b le  9.
F o r  th e  N a B H ^  r e d u c t io n  in  m e th a n o l,  a la rg e  v o lu m e  o f  s o lv e n t  
w as u s e d  i n i t i a l l y  s in c e  D P H H Q * is  n o t  v e r y  s o lu b le  in  m e th a n o l ( '^ Ig  in  
200 m L M e O H ). H o w e v e r ,  th e  r e d u c t io n  o f  D P H H Q * s u s p e n d e d  in  
m e th a n o l w as fo u n d  to  b e  ju s t  as e f fe c t iv e  as r e d u c t io n  in  a hom o­
g e n e o u s  s o lu t io n .  I t  is  n e c e s s a ry  to  u se  a la rg e  e x c e s s  o f  N a B H ^  s in c e  
th e  h y d r id e  re a c ts  w i th  th e  s o lv e n t ,  b u t  th e  re a c t io n  can b e  m o n ito re d  
v is u a l ly .  T h e  s u b s t r a te  D P H H Q * is  b r ig h t  y e llo w ; th e  t / t -  a n d  
c / t -D P D H Q *  m ix tu r e  is  c o lo r le s s .
R e d u c t io n s  w i th  d im e th y la m in e  b o ra n e  (D M A -B H ^ )  a n d  N a B H ^C N  in  
a c e tic  a c id  g a v e  s im ila r  r e s u l t s .  In  th e s e  cases th e  p r o d u c t  d ia s te re o ­
m er r a t io  w as th e  r e v e rs e  o f  th a t  o b ta in e d  u s in g  N a B H ^ . U n d o u b te d ly  
r e d u c t io n  is  p re c e d e d  b y  p ro to n a t io n  in  an a c id ic  m ed iu m  a n d  th e r e fo r e  
h y d ro g e n  t r a n s f e r  is  a c tu a l ly  to  an  im in iu m  io n .  I t  is  fo r tu n a te  th a t  
th e  re a c t io n  is  v e r y  r a p id  (*^15 m in u te s )  b e c a u s e  th e  s ta r t in g  m a te r ia l is
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T able  9
S te r e o s e le c t iv i t y  o f  D P D H Q * R e d u c t io n  
R e d u c in g  A g e n t  % y ie ld  % t / t - D P D H Q *  % c / t -D P D H Q *
1. N a B H ^ /M e O H  95 78 22
2 . D M A 'B H ^ /A c O H  91 20 80
3 . D M A -B H ^ /T H F ,  H C l 86 21 79
4. N a B H _ C N /A c O H  88 20 80
5. B H ^ /T H F  98 27 73
6 . N a ° /E tO H  n o  r e d u c t io n
7. N a B H ^ , L iB r /E tg O  n o  r e d u c t io n
8. N a B H ^ , L iB r / T H F  62 61 39
9 . L iA lH ^ /E t^ O  98 2 98
n o t  v e r y  s ta b le  in  a c id ic  m e d ia . D M A -B H ^  h a s  b e e n  r e p o r te d  to  re d u c e  
140im in e s  in  T H F , b u t  th e re  v;as no  o b s e rv a b le  r e d u c t io n  o f  D P H H Q * 
a f te r  9 d a y s  o f  r e f lu x in g .  H o w e v e r ,  r a p id  r e d u c t io n  to o k  p la c e  w h e n  
an  a q u e o u s  H C l s o lu t io n  w as a d d e d  to  th e  re a c t io n  m ix tu r e .  D M A ’ B H ^  
is  an e f fe c t iv e  r e d u c in g  a g e n t f o r  a ld e h y d e s  a n d  k e to n e s ,  a lth o u g h  i t  is  
n o t  u s e d  as w id e ly  as N a B H ^  o r  L iA lH ^ .^ ^ ^  T r im e th y la m in e  b o ra n e  
( T M A 'B H ^ ) , in  c o n t r a s t ,  is  m uch  le s s  r e a c t iv e  a n d  r e p o r te d ly  does n o t  
re d u c e  c y c lo h e x a n o n e  in  T H F  a t room  te m p e ra tu re .  I n t e r e s t in g ly ,  T M A * 
B H ^  r a p id ly  re d u c e s  c y c lo h e x a n o n e  w h e n  a q u e o u s  H C l is  a d d e d .
T h e  s te re o c h e m ic a l r e s u l t  o f  th e  B H ^ /T H F  r e d u c t io n  is  s im ila r  to  
th a t  o f  o th e r  b o ra n e  re a g e n ts ,  b u t  th e  y ie ld  is  b e t t e r ,  p e rh a p s  
r e f le c t in g  th e  in s t a b i l i t y  o f  th e  s ta r t in g  d iim in e  in  a c e t ic  a c id .  In  th is  
ca se , B H ^  m ay be  a c t in g  as a L e w is  a c id  a n d  c o o r d in a t in g  w i th  im in e  
n i t r o g e n ,  s in c e  n i t r o g e n  is  a b e t t e r  d o n o r  a tom  th a n  o x y g e n .
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T h e  N a ° /E tO H  r e d u c t io n  o f  an  im in e  is  an  o ld  p ro c e d u r e ,  b u t
n o  re d u c t io n  o f  D P H H Q * w as o b s e rv e d  w i th  th is  s y s te m  a t room  
te m p e ra tu re .
A  L iB H ^  re a g e n t  w as p re p a re d  i n . s i t u  b y  s t i r r i n g  s o lid  N a B H ^ a nd  
a n h y d ro u s  L iB r  in  E t^O  a n d  T H F . T h e  L iB H ^ /E t^ O  re a g e n t  g a v e  no  
D P H H Q * re d u c t io n  a n d  t i t r a t io n  o f  th e  re a g e n t  s o lu t io n  sh o w e d  th a t
v e r y  l i t t l e  h y d r id e  w as p r e s e n t .  I t  has  b e e n  r e p o r te d  th a t  re a g e n t
fo rm a t io n  in  E t^O  som e tim es  does n o t  ta k e  p la c e  s m o o th ly ,  b u t  is  m ore  
fa c i le  in  T H F . T h e  re d u c t io n  o f  D P H H Q * w ith  L iB H ^  in  T H F  w as 
m ore  s u c c e s s fu l,  b u t  th e  y ie ld  w as s t i l l  lo w .
C o m p a re d  w i th  N a B H ^  r e d u c t io n  o f  D P H H Q * in  m e th a n o l (2 h o u r s ) ,  
L A H  re d u c t io n  in  e th e r  was v e r y  s lo w  ( o v e r  3 d a y s ) . G e n e ra lly  L A H  is  
m uch  m ore  re a c t iv e  th a n  N a B H ^ . I t  m ay be  th a t  in  h y d r o x y l ic  
s o lv e n ts ,  th e  im in e  is  a c t iv a te d  b y  s o lv e n t  h y d r o g e n -b o n d in g  ( s im ila r  to  
a c t iv a t io n  v ia  p r o to n - t r a n s f e r  to  fo rm  an im in iu m  io n )  a n d  th e  r e d u c t io n  
r a te  is  in c re a s e d .  T h e  L A H  r e d u c t io n  g a v e  a n e a r ly  p u r e  c / t -D P D H Q *  
in  h ig h  y ie ld .  A n a ly t ic a l ly  p u r e  c / t -D P D H Q *  was o b ta in e d  b y  w a s h in g  
i t s  d ih y d r o c h lo r id e  s a lt  r e p e a te d ly  w i th  c o ld  m e th a n o l- e th e r .
M o d if ie d  L A H  R e a g e n ts  fro m  D A C H  D e r iv a t iv e s
M o d if ie d  L A H  re a g e n ts  w e re  p re p a re d  fro m  th e  n e w ly  p re p a re d  
c h ir a l  d ia m in e s  (D B D A C H , t / t -  a n d  c / t - D P D H Q * )  b y  t r e a t in g  a 
s u s p e n s io n  o f  s o lid  l i t h iu m  a lu m in u m  h y d r id e  w i th  an  e th e r  s o lu t io n  o f 
d ia m in e  ( 1 .1  e q u iv a le n ts )  a t 0 °C . P ro p io p h e n o n e , a comm on s u b s t r a te  
f o r  th is  ty p e  o f  s tu d y ,  w as re d u c e d  a t -7 8 ° C  a n d  th e  d e g re e  o f  
a s y m m e tr ic  in d u c t io n  c a u s e d  b y  each  o f  th e s e  c h ir a l  re a g e n ts  was 
d e te rm in e d  fro m  th e  o p t ic a l r o ta t io n  o f  th e  r e s u lt in g  a lc o h o l.  T h e  
r e s u lt s  a re  s u m m a riz e d  in  T a b le  10.
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T able  10
A s y m m e tr ic  R e d u c t io n  o f  P ro p io p h e n o n e  w i th  L A H  M o d if ie d
w i th  C h r ia l  D A C H  D e r iv a t iv e s
M o d if ie r
D B D A C H
t / t -D P D H Q *
c / t -D P D H Q *
% P ro p io p h e n o n e  




P ro d u c t  




C o n f ig u r a t io n  
o f  P re d o m in a n t 
E n a n tio m e r 




A l l  th re e  c h i r a l ly  m o d if ie d  L A H  re a g e n ts  a re  e f fe c t iv e  r e d u c in g  
a g e n ts ,  b u t  o n ly  th e  D B D A C H -L A H  re a g e n t  g a ve  a n y  s ig n i f ic a n t  a s y m ­
m e tr ic  in d u c t io n .  T h e  m o d e s t d e g re e  o f  a s y m m e tr ic  in d u c t io n  w ith  
p ro p io p h e n o n e  s u g g e s ts  th a t  th e s e  th re e  d ia m in e s  a re  p ro b a b ly  n o t 
go o d  c a n d id a te s  fo r  f u r t h e r  s y s te m a tic  s tu d y .  H o w e v e r ,  i t  is  a lw a y s  
p o s s ib le  th a t  some re c ip e  m ig h t  be  fo u n d  fo r  t h e i r  in c o rp o ra t io n  in to  a 
u s e fu l s y s te m . In  th is  c o n n e c tio n  i t  is  w o r th  n o t in g  th a t  in  s tu d ie s  b y  
N o y o r i a n d  c o - w o r k e r s ,  th e  e x c e p t io n a lly  h ig h  a s y m m e tr ic  in d u c t io n  was 
o b s e rv e d  w i th  a b in a p h th o l- L A H  re a g e n t  ( f o r  th e  r e d u c t io n  o f  a c e to -  
p h e n o n e )  o n ly  i f  an  a c h ir a l  c o m o d if ie r  (e th a n o l w as b e s t )  w as a d d e d . 
W ith o u t th e  c o m o d if ie r ,  a c e to p h e n o n e  r e d u c t io n  g a v e  I - p h e n y le th a n o l  
w i th  o n ly  2% e .e .  a n d  o p p o s ite  c o n f ig u r a t io n .
T h e  d e g re e  o f  a s y m m e tr ic  in d u c t io n  o f  p ro p io p h e n o n e  b y  L A H  
re a g e n ts  m o d if ie d  w ith  th e  tw o  c h ir a l  d e c a h y d ro q u in o x a l in e s  is  so sm a ll 
t h a t  d e ta ile d  in t e r p r e t a t io n  m ay n o t  be  a p p r o p r ia te .  H o w e v e r , th e  one 
o b s e rv a t io n  th a t  b o th  is o m e rs  a p p e a r  to  g iv e  th e  re d u c e d  a lc o h o l h a v in g  
an  ( S ) - c o n f ig u r a t io n , w h e re a s  D B D A C H -L A H  re a g e n t  g iv e s  th e  a lc o h o l 
w i th  ( R ) - c o n f ig u r a t io n ,  is  in t e r e s t in g .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
82
T h e  v e r y  low  a s y m m e tr ic  in d u c t io n  b y  th e  D P D H Q * -L A H  re a g e n ts
m ay b e  in d ic a t iv e  o f  v a r io u s  o p p o s in g  fa c to r s  in h e r e n t  in  s u c h
re a g e n ts .  I t  has  b e e n  n o te d  w i th  th e  a m in o d io l-L A H  re a g e n ts  s tu d ie d
p r e v io u s ly  th a t  w h e n  m ore  th a n  one  c h ir a l  c e n te r  is  p r e s e n t  in  a
m o d if ie r ,  th e  c h ir a l  c e n te rs  can  e n h a n c e  th e  s te r e o s e le c t iv i t y  b y
r e e n fo r c in g  e ach  o th e r 's  in f lu e n c e ,  o r  th e y  can  a c t  in  o p p o s it io n  th u s
d e c re a s in g  th e  s te r e o s e le c t iv i t y .  T h e  in c re a s e  o r  d e c re a s e  m ay b e  m ore
117 119th a n  a s im p le  a d d it iv e  e f fe c t .  ’ In  th e  p re s e n t  case  th e  a d d it io n a l 
D P D H Q * c e n te rs  m ay b e  a c t in g  a g a in s t  th e  in d u c t io n  d u e  to  th e  c e n te rs  
in  t h e i r  D A C H  p o r t io n s .
T h e re  a re ,  h o w e v e r ,  o th e r  r a t io n a l iz a t io n s  w o r th  n o t in g .  In  th e  
re a c t io n  o f  D B D A C H  w i th  L A H , a r e a c t iv e  in te rm e d ia te  d ih y d r id e  (s h o w n  
in  F ig .  44) is  e x p e c te d  to  be  fo rm e d . W ith  t r a n s -D P D H Q * , i t  is  
u n l ik e ly  th a t  a lu m in u m - b r id g in g  o f  tw o  n it r o g e n s  w o u ld  ta k e  p la c e . T h e  
t r a n s -D P D H Q * r in g  s y s te m  is  a n a lo g o u s  to  th a t  o f  a t r a n s - d e c a l in  
s y s te m  a n d  is  v e r y  r i g i d .  I t  is  m o s t l i k e ly  t h a t  th e  tw o  n i t r o g e n  lo n e  
p a ir s  a re  d ia x ia l ,  a n d  th a t  th e  tw o  h y d ro g e n s  a re  d ie q u a to r ia l .  In  th is  
c o n fo rm a t io n ,  a s in g le  L A H  c a n n o t r e a c t  w i th  b o th  s e c o n d a ry  a m ino  
g ro u p s .  B o th  th e  d ie q u a to r ia l  p o s it io n s  a n d  th e  d ia x ia l  p o s it io n s  a re  
p o in t in g  in  d i f f e r e n t  d ir e c t io n s  in  th e  t r a n s - fu s e d  c y c lo h e x a n e  c h a ir  
c o n fo rm a t io n .  In s p e c t io n  o f  m o le c u la r  m od e ls  s u g g e s ts  th a t  a lth o u g h  th e  
tw o  n it r o g e n s  ca n  b e  fo rc e d  in to  a p o s it io n  so th a t  a lu m in u m - b r id g in g  is  
p o s s ib le  in  a b o a t - l ik e  c o n fo rm a t io n ,  th e  r e s u l t in g  s t r u c t u r e  is  u n d e r  
s u b s ta n t ia l  s t r a in .  In  th is  s t r u c t u r e ,  n it r o g e n  lo n e  p a ir s  a re  s t i l l  
p o in t in g  o u ts id e  in  o p p o s ite  d ir e c t io n s ,  p r e v e n t in g  c o o rd in a t io n  to  one 
l i th iu m  c a t io n  b y  b o th  n i t r o g e n s .  W h ile  th e  c h ir a l  d e c a h y d ro q u in ­
o x a lin e s  u s e d  in  th is  s tu d y  a re  in t e r e s t in g  c o m p o u n d s , th e y  a p p e a r  to
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F ig u re  44 
In te rm e d ia te  D ih y d r id e
be p o o r ly  d e s ig n e d  as L A H  m o d if ie r s .
S in c e  t r a n s -D P D H Q * h as  a s t r u c t u r a l  fe a tu r e  o f  d iis o p ro p y la m in e ,  
i t s  l i th iu m  am ide  m ay b e  an  in t e r e s t in g  c h ir a l  e q u iv a le n t  o f  L D A  a n d  m ay 
be  a u s e fu l  r e a g e n t  in  some b a s e -c a ta ly z e d  a s y m m e tr ic  r e a c t io n s .
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V :  E X P E R IM E N T A L  S E C T IO N
G e n e ra l M e th o d s
(1 )  M e lt in g  p o in ts  ( m p ) ; M e lt in g  p o in ts  u n d e r  250°C  w e re
d e te rm in e d  on  a T h o m a s  H o o v e r  c a p i l la r y  m e lt in g  p o in t  a p p a ra tu s  a n d  
a re  u n c o r r e c te d .  M e lt in g  p o in ts  o v e r  250°C  w e re  d e te rm in e d  on  a h o t -  
s ta g e  a p p a ra tu s  a n d  a re  u n c o r r e c te d .
(2 )  B o i l in g  p o in ts  ( b p )  : R e p o r te d  b o i l in g  p o in ts  a re  th o s e  o b s e rv e d
d u r in g  d is t i l la t io n  a n d  a re  u n c o r r e c te d .
(3 )  I n f r a r e d  S p e c tra  ( I R ) : IR  s p e c t ra  w e re  re c o rd e d  on  a P e r k in -
E lm e r 283B in f r a r e d  s p e c tro p h o to m e te r .
(4 )  P ro to n  n u c le a r  m a g n e tic  re s o n a n c e  s p e c t ra  (^11 N M R ) : NMR
s p e c tra  w e re  re c o rd e d  on  a V a r ia n  EM 360A s p e c t ro m e te r .  C h e m ica l 
s h i f t s  a re  r e p o r te d  in  p a r ts  p e r  m il l io n  (p p m ) d o w n f ie ld  fro m  in t e r n a l  
te t r a m e th y ls i la n e  o r  s o d iu m  2 , 2 - d im e th y l- 2 - s i la p e n ta n e -5 -s u l fo n a te  (D S S ) 
u n le s s  o th e rw is e  in d ic a te d .  S p l i t t in g  p a t te r n s  a re  d e s ig n a te d  as 
fo l lo w s :  s ,  s in g le t ;  d ,  d o u b le t ;  t ,  t r i p l e t ;  q ,  q u a r te t ;  m , m u lt ip le t .
C o u p lin g  c o n s ta n ts  ( J )  a re  r e p o r te d  in  h e r t z .
(5 )  ^^C  n u c le a r  m a g n e tic  re s o n a n c e  s p e c tra  (^ ^ C  N M R ) : ^ ^C  NMR
s p e c tra  w e re  o b ta in e d  on  a JE O L  F X -9 0 Q  F T  NM R s p e c tro m e te r  w i th  th e  
a s s is ta n c e  o f  M s. K .  G a lla g h e r .  U n le s s  o th e rw is e  in d ic a te d , c h e m ic a l 
s h i f t s  a re  r e p o r te d  in  p p m  d o w n f ie ld  fro m  te t r a m e th y ls i la n e  as an 
in t e r n a l  s ta n d a r d .
(6 ) O p t ic a l r o ta t io n  : O p t ic a l r o ta t io n  w as d e te rm in e d  on  a C a r l Z e iss  
p h o to e le c t r ic  p re c is io n  p o la r im e te r  w i th  a 0 .2 -  o r  0 .5 -d m  c e ll .  O p t ic a l 
p u r i t y  ( o . p . )  o f  a c o m p o u n d  w as c a lc u la te d  fro m  th e  r e p o r te d  m axim um
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r o ta t io n  fo r  th e  c o m p o u n d .
(7 ) E le m e n ta l a n a ly s e s  ( C H N ) ; E le m e n ta l a n a ly s e s  w e re  p e r fo rm e d  on 
a P e rk in -E lm e r  240B e le m e n ta l a n a ly z e r  b y  M s. D . C a r d in .
(8 ) M ass s p e c t r a ; M ass s p e c tra  w e re  o b ta in e d  on  a H i ta c h i - P e r k in -  
E lm e r R M U -6E  m ass s p e c tro m e te r  b y  M r .  W. D o tc h in .
(9 )  T h in  la y e r  c h ro m a to g ra p h y  ( T L C ) : T L C  w as p e r fo rm e d  on
p re c o a te d  n e u t r a l  a n d  b a s ic  a lu m in a  p la te s  fro m  E . M e rc k  C o .
(1 0 ) Gas c h ro m a to g ra p h y  a n a ly s e s  ( G C ) ; GC a n a ly s e s  w e re  
p e r fo rm e d  on  a V a r ia n  A e ro g ra p h  M ode l 9 0 -P  gas c h ro m a to g ra p h  c o u p le d  
to  a S a rg e n t-W e lc h  M od e l SRG r e c o r d e r  e q u ip p e d  w i th  a D is c  in t e g r a to r .  
K e to n e s  a n d  a lc o h o ls  w e re  a n a ly z e d  on  11 f t  x  0 .2 5  in .  5% Z o n y l E -7  on  
80 /1 00  m esh C h ro m o s o rb  G c o lu m n , a n d  a m in e s , o n  12 f t  x  0 .2 5  in .  10% 
C a rb o w a x  20M + 5% KO H  on  80 /1 00  m esh C h ro m o s o rb  W co lu m n  w i th  
h e liu m  as a c a r r ie r .
(1 1 ) M a te r ia ls  : T h e  c h e m ic a ls  a nd  s o lv e n ts  u s e d  in  th is  w o rk  w e re  
o b ta in e d  fro m  co m m e rc ia l s o u rc e s  a n d  w e re  u s e d  as r e c e iv e d  u n le s s  
o th e rw is e  n o te d .
(12 ) D r y  s o lv e n ts : D r y  d ie th y l  e th e r  w as o b ta in e d  b y  d is t i l la t io n  
fro m  b e n z o p h e n o n e  k e t y l  o r  fro m  L A H  u n d e r  n it r o g e n  a n d  w as u s e d  
im m e d ia te ly .  D ry  T H E  w as o b ta in e d  b y  d is t i l la t io n  fro m  C a l l^ ,  th e n  
fro m  b e n z o p h e n o n e  k e t y l  u n d e r  n it r o g e n  a n d  was u s e d  im m e d ia te ly .
(1 3 ) R e a c tiv e  m e ta l h y d r id e  r e d u c t io n s  : A l l  g la s s w a re  was o v e n - d r ie d
o r  fla m e d  a n d  co o le d  u n d e r  n i t r o g e n .  A l l  t r a n s fe r s  in  a s y m m e tr ic  
r e d u c t io n s  w e re  m ade u n d e r  n it r o g e n  w ith  s ta in le s s  s te e l n e e d le  o r  
s y r in g e .  S o lid  L A H  w as w e ig h e d  o u t  u n d e r  n i t r o g e n  in  a g lo v e b a g .
(1 4 ) P e rc e n t e n a n t io m e r ic  e x c e s s  (% e . e . ) : T h e  % e .e .  o f  an 
a s y m m e tr ic  r e d u c t io n  p r o d u c t  was d e te rm in e d  b y  d iv id in g  th e  o b s e rv e d
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r o ta t io n  b y  th e  l i t e r a t u r e  v a lu e  r e p o r te d  f o r  o p t ic a l ly  p u r e  m a te r ia l,
th e n  m u lt ip l ie d  b y  100. In  cases w h e re  p ro p io p h e n o n e  w as in c o m p le te ly
re d u c e d ,  th e  m ax im um  r o ta t io n  f o r  th e  c a rb in o l c o n ta in in g  a k n o w n
a m o u n t o f  k e to n e  w as d e te rm in e d  u s in g  a p r e v io u s ly  p re p a re d  c o r r e c t io n  
146c u r v e .
(1 5 ) S ta n d a rd iz a t io n  o f  L iB H ^  s o l u t i o n Wi t h  a d r y ,  lu b r ic a te d  
s y r in g e ,  an  a c c u ra te ly  m e a s u re d  a m o u n t (1 .0  m L ) o f  e th e r  o r  T H E  
s o lu t io n  o f  L iB H ^  w as in je c te d  in to  a h y d r o ly s is  f la s k  c o n ta in in g  
g ly c e r o l- w a te r  ( 1 :1  v / v ) .  T h e  v o lu m e  o f  h y d r o g e n  gas e v o lv e d  w as 
m e a s u re d  b y  th e  d is p la c e m e n t o f  w a te r  in  a b u r e t .  E rom  th e  o b s e rv e d  
te m p e ra tu re  a n d  p re s s u r e  a n d  th e  m e a s u re d  gas v o lu m e , th e  h y d r id e  
c o n c e n tra t io n  w as c a lc u la te d .  T h e  h y d r o ly s is  w as re p e a te d  s e v e ra l 
tim e s  u n t i l  c o n s is te n t  r e s u lt s  w e re  o b ta in e d .
R e a c tio n s
S e p a ra t io n  o f  c is / t r a n s - D A C H  Is o m e rs
(1 )  M o n o h y d ro c h lo r id e  m e th o d : A n  H C l-m e th a n o l s o lu t io n  (33  m L o f
16.7% w / v )  w as a d d e d  to  a s o lu t io n  o f  a D A C H  m ix tu r e  (8 .5  g , 75 
m m o l* ; 97% p u r e ,  c is / t r a n s  r a t io  5 5 :4 5 )  in  m e th a n o l (50  m L) w ith  
s t i r r i n g  a n d  c o o lin g  in  an  ic e - w a te r  b a th  u n d e r  n i t r o g e n .  T h e  s o lu t io n  
w as a llo w e d  to  w a rm  to  roo m  te m p e ra tu re  a n d  s t i r r e d  fo r  36 h .  T h e  
s o lv e n t  w as re m o v e d  u n d e r  re d u c e d  p re s s u re  (R o ta v a p o r )  a n d  th e  
re s id u e  was r e c r y s ta l l iz e d  fro m  95% e th a n o l (50 m L ) to  y ie ld  p a le  y e llo w  
s o lid  (C ro p  1: 1 .39  g , c is / t r a n s  r a t io  1 3 :8 7 ; C ro p  2 : 0 .8  g ,  c is / t r a n s
r a t io  4 :9 6 ) :  mp 2 2 2 -2 2 4 °C , d e c o m p ; ^^C  NMR (D ^ O , e x t  M e^S i) 2 3 .3
( c is ) ,  2 6 .5  ( t r a n s ) , 3 0 .2  ( c is ) ,  3 4 .5  ( t r a n s ) ,  5 2 .8  ( c i s ) ,
* C a lc u la t io n  is  b a s e d  on  t r e a t in g  th e  D A C H  m ix tu r e  as i f  i t  w e re  
c h e m ic a lly  p u r e .
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5 7 .2  ( t r a n s ) .
A n a l .  C a lc d  f o r  C ^ H j ^ N 2* 2HC1; C ,  3 8 .5 2 ;  H , 8 .6 2 ;  N ,  1 4 .9 7 .  
C a lc d  f o r  C ,  4 7 .8 4 ;  H ,  1 0 .0 2 ;  N ,  1 8 .5 9 .  F o u n d :  C ,
4 7 .7 3 ;  H , 1 0 .5 4 ;  N ,  1 8 .9 7 .
M o n o h y d r o c h lo r id e  o f  D A C H  is  h y g r o s c o p ic  a n d  decom poses  in  a i r  
u p o n  s t a n d in g  o v e r n i g h t .
T h e  m o th e r  l i q u o r  was e v a p o r a t e d  to  d r y n e s s  ( R o t a v a p o r ,  th e n  in
v a c u o ) a n d  th e  r e s id u e  was d is s o lv e d  in  abs  m e th a n o l  (10 m L )  a n d
d i l u t e d  w i t h  e t h e r  ( 5 0 m L ) .  T h e  r e s u l t i n g  d a r k  b r o w n  s o lu t io n  was
a l lo w e d  to  s t a n d  i n  th e  r e f r i g e r a t o r  f o r  3 d  to  y i e l d  1 .65  g o f  a l i g h t
13b r o w n ,  b r i t t l e  s o l id .  C NMR s p e c t r u m  has  s h o w n  th e  s o l id  to  b e  a 
m ix t u r e  o f  c i s / t r a n s - D A C H  m o n o h y d r o c h lo r id e  ( c i s / t r a n s  r a t i o  7 6 :2 4 ) .
(2 )  N i C o m p le x  M e t h o d ^ ^ : T o  a s o lu t io n  o f  a D A C H  m ix t u r e  (25 g ,
220 m m o l* ; 97% p u r e )  in  abs  m e th a n o l  (160 m L) , a s o lu t io n  o f  
N i C l g " ( 26 g , 110 m mol) i n  abs  m e th a n o l  (440 m L )  was a d d e d  a n d  
th e  m ix t u r e  w as s t i r r e d  f o r  2 h .  T h e  y e l lo w  s o l id  w as  c o l le c te d  b y  
f i l t r a t i o n ,  w a s h e d  w i t h  m e th a n o l  a n d  d r i e d  ini v a c u o  to  y ie ld  
N i ( c i s - D A C H )2C l2 ( 1 9 .7  g , 97% b a s e d  on  c i s / t r a n s  r a t i o  5 5 :4 5 ) .  T h e  
f i l t r a t e  was t r e a te d  w i t h  4 N H C l (50 m L )  a n d  th e  p H  was a d ju s t e d  to  
4 -6  b y  p H  p a p e r  w i t h  15% N aO H . U po n  s t a n d in g ,  v io le t  s o l id  
d e p o s i t e d .  T h e  s o l id  w as f i l t e r e d ,  w a s h e d  w i t h  w a t e r  a n d  d r i e d  in  
v a c u o  to  y ie ld  N i ( t r a n s - D A C H )2C l2* 2H 20 ( 11.6 g , 61%).
N i c o m p le x  o f  c i s - D A C H  ( 7 .9  g )  was s u s p e n d e d  in  w a t e r  (150 m L) 
an d  t r e a t e d  w i t h  6 N H C l  (15 m L ) . T h e  s o lu t io n  was ta k e n  to  d r y n e s s  
( R o ta v a p o r )  a n d  th e  r e s id u e  was r e p e a te d ly  w a s h e d  w i t h  abs  e th a n o l  
a n d  d r i e d  m  v a c u o  to  g iv e  w h i t e  c i s - D A C H  s u l f a te  ( 8 .2  g ,  87%). F re e
See fo o tn o te  on  p  86.
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d ia m in e  w as o b ta in e d  b y  t r e a t i n g  th e  w a t e r  (25 m L )  s l u r r y  w i t h  25% 
NaO H (20 m L) a n d  e x t r a c t i n g  th e  m ix t u r e  w i t h  c h lo r o f o r m  (5 x  30 m L ) . 
T h e  c o m b in e d  o r g a n ic  l a y e r s  w e re  d r i e d  (K ^ C O g )  a n d  e v a p o r a t e d  
( R o t a v a p o r ) ,  a n d  th e  r e s id u e  w as  d i s t i l l e d  w i t h  a s h o r t  p a th  a p p a r a t u s  
to  y i e l d  a c o lo r le s s  l i q u i d  ( 3 .1 1  g , 62% f r o m  N i c o m p le x )  : b p  3 1 -3 2 °C
( 0 .2  m m H g) [ L i t . ^ ^  b p  39-41=0 (2  m m H g )]  .
D A C H  R e s o lu t io n
F o l lo w in g  p r o c e d u r e s  a re  t y p i c a l  o f  th e  s te p s  u s e d  in  th e
r e s o lu t i o n  o f  a c o m m e rc ia l  D A C H  m ix t u r e .
25(1 )  ( - ) - ( R , R ) - l , 2 - D i a m i n o c y c l o h e x a n e  : A  s o lu t io n  o f  a D A C H
m ix t u r e  (960 m L ,  7 .8 3  m m o l* ; 85% p u r e ,  c i s / t r a n s  r a t i o  4 0 :6 0  b y  ^^C  
N M R ) i n  w a t e r  ( 1 .6  L )  w as  h e a te d  to  90°C  a n d  ( + ) - t a r t a r i c  a c id  (600 g , 
4 .0 0  m o l;  A l d r i c h  G o ld  L a b e l"^ ^ ')  w as  a d d e d  i n  s m a l l  p o r t i o n s  w i t h  
s t i r r i n g ,  fo l lo w e d  b y  g la c ia l  a c e t ic  a c id  (400 m L , 7 m o l)  a t  s u c h  a r a t e  
as to  k e e p  th e  s o lu t io n  n e a r  b o i l i n g .  T h e  t h i c k  m ix t u r e  w as a l lo w e d  to  
coo l to  room  te m p e r a t u r e  w i t h  m e c h a n ic a l  s t i r r i n g .  T h e  s o l id  was 
c o l le c te d  b y  f i l t r a t i o n ,  w a s h e d  w i t h  c o ld  w a t e r  (300 m L )  a n d  c o ld  95% 
e th a n o l  (800 m L ) , d r i e d  a n d  r e c r y s t a l l i z e d  f r o m  w a t e r  ( 4 .3  L )  to  y i e l d  
342 g o f  w h i t e  c r y s t a l s .  F re e  d ia m in e  was r e c o v e r e d  b y  d is s o l v in g  th e  
t a r t r a t e  in  an  a q u e o u s  NaO H s o lu t io n  (1 L  o f  50%). T h e  o r g a n ic  l a y e r  
w as s e p a ra te d  a n d  d i s t i l l e d  u n d e r  n i t r o g e n  t h r o u g h  a 4 i n .  V i g r e u x  
co lu m n  a t  an a s p i r a t o r  p r e s s u r e  to  o b ta in  a c le a r  h a r d  s o l id  ( 101.1 g , 
99% o . p . ) :  b p  86- 88° C  (2 3 -2 4  m m H g )  ; [  L i t .  b p  7 1 - 7 3 ° C (8  m m H g ) ] ;
t f ^ J p - 4 1 . 2 °  (c  8 .5 7 ,  b e n z e n e )  [ L i t .  C®^J^-41. 5 = ] .
*  See fo o tn o te  on  p  86,
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(2 )  ( + ) - ( S , S ) - l , 2 - D i a m i n o c y c l o h e x a n e ! I n  t h e  same m a n n e r  as
a b o v e ,  294 g o f  ( S , S ) - D A C H  t a r t r a t e  w as  o b ta in e d  f r o m  a D A C H  
m ix t u r e  (960 m L ,  7 .8 3  m o l * ; 85% p u r e )  a n d  ( - ) - t a r t a r i c  a c id  (600 g , 4 .0  
m o l ;  A l f a ) .  F re e  d ia m in e  was c o n t i n u o u s l y  e x t r a c t e d  w i t h  b e n z e n e  f o r  
5 .5  d  f r o m  th e  a q u e o u s  s o lu t io n  o f  th e  t a r t r a t e  to  w h ic h  NaOH (400 g )  
a n d  N aC l (400 g )  w e re  a d d e d .  T h e  b e n z e n e  s o lu t io n  w as c o n c e n t r a te d  
u n d e r  r e d u c e d  p r e s s u r e  ( R o t a v a p o r )  a n d  th e  p r o d u c t  w as d i s t i l l e d  
u n d e r  an  a s p i r a t o r  p r e s s u r e  to  y i e l d  a c o lo r le s s  s o l id  (4 8 .5  g , 98.8%
_ _ Z 2
O . p . ) :  bp 9 0 - 9 2 . 5 °C  (3 1 -3 2  m m H g) ; [o (  + 4 1 .0 °  (c  7 .4 4 ,  b enzene) .
91E s c h w e i l e r - C la r k e  N - M é th y la t io n  
92(1 )  P r o c e d u r e  A  : T o  s t i r r e d  fo rm ic  a c id  ( 4 8 .4  g , 1 .0  m o l)  coo led
in  an  i c e - w a t e r  b a t h ,  a D A C H  m ix t u r e  (1 1 .4  g , 100 m m o l* )  w as a d d e d  
s lo w ly  u n d e r  n i t r o g e n ,  fo l lo w e d  b y  an a q u e o u s  f o r m a ld e h y d e  (45 m L ,
600 mmol o f  37%) a d d e d  a t o n c e .  T h e  r e a c t io n  m ix t u r e  was h e a te d  to 
9 0 -9 5 °C  in  an o i l  b a th  f o r  24 h . * *  4 N H C l (100 m L) was a d d e d  to  th e
s o lu t io n  a n d  th e  m ix t u r e  was e v a p o r a t e d  to  d r y n e s s  ( R o ta v a p o r ,  a t  
9 0 ° C ) .  T h e  d a r k  b r o w n  v is c o u s  o i l  was ta k e n  u p  in  w a te r  (70 m L )  w i th  
c o o l in g  ; th e  s o lu t io n  w as  made b a s ic  w i t h  18 N NaO H (50  m L )  ; a n d  th e  
la y e r s  w e re  s e p a r a te d .  T h e  a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  b e n z e n e  
(4 X 100 m L)  ; t h e  c o m b in e d  o r g a n ic  l a y e r s  w e re  d r i e d  ( K ^ C O ^ ) ,  a n d  
c o n c e n t r a t e d ;  a n d  th e  r e s id u e  was d i s t i l l e d  t h r o u g h  a 4 i n .  V i g r e u x  
c o lu m n  to  g iv e  a c o lo r le s s  l i q u i d  ( 1 4 .0  g , 82%): b p  4 2 -4 8 ° C  ( 0 . 3 5 -
* See fo o tn o te  on  p  86.
* *  H e a t in g  th e  r e a c t io n  m ix t u r e  i n  an o i l  b a t h  a t  room  te m p e r a tu r e  to  
th e  r e f l u x  t e m p e r a t u r e ,  r a t h e r  t h a n  in  a h o t  o i l  b a t h  as in  th e  
l i t e r a t u r e  m e th o d  ( R e f  9 2 ) ,  a v o id s  e x c e s s iv e  fo a m in g  a n d  th e  n e e d  f o r  
an o v e r - s i z e d  r e a c t io n  f l a s k  as w e l l  as th e  n e e d  to  coo l th e  m ix t u r e  a t  
th e  s t a r t  o f  th e  gas  e v o lu t io n  to  c o n t r o l  t h e  r e a c t io n  r a t e .
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0 .4  m m H g ).
NMR a n d  GC a n a ly s e s  o f  th e  p r o d u c t  h a v e  s h o w n  t h a t  th e  
N - t e t r a m e t h y la t i o n  o f  c i s - D A C H  was in c o m p le te .
(2 )  P r o c e d u r e  B : A  D A C H  m ix t u r e  ( 1 1 .4  g , 100 m m o l* ; 20%
u n k n o w n ,  35% H M D A ,  16% c i s - D A C H , 31% t r a n s - D A C H )  was r e f l u x e d
w i t h  fo rm ic  a c id  ( 4 8 .4  g , 1 .0  m o l)  a n d  an a q u e o u s  fo rm a ld e h y d e  s o lu t io n
(45 m L )  f o r  7 .5  d  a t  9 5 -1 0 0 ° C .  A f t e r  th e  w o r k u p  a n d  d i s t i l l a t i o n ,  a
c o lo r le s s  l i q u i d  (1 4 .3  g , 84%)w as o b ta in e d :  b p  ( 1 . 0 - 1 . 5  m m H g ) .  T h e r e
w as a s u b s t a n t ia l  a m o u n t  o f  d a r k  b r o w n  p o t - r e s i d u e  r e m a in in g  a f t e r  th e
d i s t i l l a t i o n .  T h i s  is  i n d i c a t i v e  o f  th e  d e c o m p o s i t io n  o f  H M D A  d u r i n g  th e
p r o lo n g e d  r e f l u x i n g  p e r i o d ,  s in c e  th e  p r o d u c t  s h o w e d  a m a rk e d
d e c re a s e  o f  H M D A  ( d o w n  to  28% f r o m  33%). A  2 - m e t h y l - l , 5 - d i a m i n o -
h e x a n e  s t r u c t u r e  w as a s s ig n e d  to  th e  s e c o n d  i m p u r i t y  p r e s e n t  in  th e
13s t a r t i n g  D A C H  m ix t u r e  b y  C NMR a n d  mass s p e c t r a  o f  i t s  t e t r a m e t h y l  
d e r i v a t i v e  o b ta in e d  b y  p r e p a r a t o r y  sca le  G C : mass s p e c t r u m ,  m /z  172
(M'*'): ^ ^C  NMR ( C D C l^ )  1 0 .4 4 ,  2 4 .5 3 ,  2 9 .7 7 ,  3 5 .4 1 ,  4 5 .5 9 ,  4 6 .0 3 ,
5 7 .6 4 ,  6 4 .4 0 .
A n a l .  C a lc d  f o r  C ^ ^ H g ^ N . :  C ,  6 9 .7 0 ;  H ,  1 4 .0 4 ;  N ,  1 6 .2 6 .
F o u n d :  C ,  6 9 .5 8 ;  H ,  1 4 .3 4 ;  N ,  1 6 .0 8 .
(3 )  P r o c e d u r e  C : T o  s t i r r e d ,  c o ld  fo rm ic  a c id  ( 4 .8 4  g , 100 m m o l) ,  
c i s - D A C H  (1 .1 4  g , 10 m m ol)  was a d d e d ,  fo l lo w e d  b y  an a q u e o u s  f o r m ­
a ld e h y d e  s o lu t io n  ( 4 .5  m L ,  60 m m ol)  a d d e d  a t o n c e .  T h e  r e a c t io n  
m ix t u r e  was h e a te d  to  100°C  in  an  o i l  b a th  f o r  5 d .  F re s h  p o r t i o n s  o f  
fo rm a ld e h y d e  (0 .5  m L) w e re  a d d e d  a f t e r  30 h  a n d  55 h .  T h e  s o lu t io n  
was t r e a t e d  w i t h  4 N H C l  (10 m L)  a n d  ta k e n  to  d r y n e s s  ( R o ta v a p o r ,  a t  
9 0 ° C ) .  T h e  d a r k  b r o w n  r e s id u e  was d is s o lv e d  in  w a t e r  (17 m L ) , th e n
*  See fo o tn o te  on  p  86.
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b a s i f i e d  w i t h  18 N NaO H (10 m L ) , a n d  e x t r a c t e d  w i t h  b e n z e n e  (4  x  25 
m L)  ; t h e  c o m b in e d  o r g a n ic  l a y e r s  w e re  d r i e d  ( K ^ C O ^ )  a n d  c o n c e n t r a te d  
( R o t a v a p o r ) ;  a n d  th e  r e s id u e  was d i s t i l l e d  to  y i e l d  a c le a r  l i q u i d  (0 .7 3  
g ,  43%): b p  6 2 -6 3 °C  ( 1 . 2 5 - 1 . 5  m m H g ) .  T h e  lo w  y i e l d  w as c a u s e d  b y
e x c e s s iv e  b u m p in g  a n d  fo a m in g  d u r i n g  th e  d i s t i l l a t i o n  a n d  i t  t o o k  f o u r  
a t te m p ts  to  o b ta in  a c le a r  l i q u i d .  B o th  GC a n d  NMR a n a ly s e s  o f
th e  p r o d u c t  s h o w e d  n o  t r a c e  o f  T r iM D A C H .
(4 )  T im e d  R e a c t io n  1 : T h e  same D A C H  sam p le  a n d  p r o c e d u r e  as in
(1 )  w e re  u s e d .  A  1 5 -m L  p o r t i o n  o f  a l i q u o t  was w i t h d r a w n  a t 3 h ,  6 h ,  
24 h ,  2 d ,  a n d  4 d  a n d  each  a l i q u o t  was w o r k e d  u p  s e p a r a te ly  a n d  
a n a ly z e d  b y  ^^C  NMR a n d  G C .
(5 )  T im e d  R e a c t io n  2 : I n  t h i s  r e a c t i o n ,  a l iq u o ts  w e re  w i t h d r a w n  a t
t h e  fo l lo w in g  t im e  i n t e r v a l s :  12 h ,  18 h ,  1 .5  d ,  2 .5  d ,  a n d  6 .5  d .
A  sa m p le  o f  N ,  N ,  N ' - t r i m e t h y l - c i s - l ,  2 -d ia m in o c y c lo h e x a n e  ( c i s -  
T r iM D A C H )  was o b ta in e d  b y  p r e p a r a t o r y  sca le  GC : ^ ^C  NMR (C D C l^ )
1 8 .9 6 ,  2 5 .2 5 ,  2 5 .4 9 ,  2 7 .4 8 ,  3 4 .7 2 ,  4 3 .2 1 ,  5 5 .7 8 ,  6 7 .5 3 .
N , N ' - D i b e n z y l - t r a n s - l , 2 -D ia m in o c y c lo h e x a n e  ( D B D A C H )
( - ) - ( R , R ) - D A C H  (7 .7 9  g ,  6 8 .2  mmol ; 99% o . p . )  was p la c e d  in  a 
r o u n d - b o t t o m e d  f l a s k  w i t h  b e n z a ld e h y d e  (1 4 .8  g ,  137 m m ol, 98% p u r e ) ,  
a c a t a l y t i c  a m o u n t  o f  p - t o l u e n e s u l f o n i c  a c id  a n d  to lu e n e  (250 m L ) . T h e  
m ix t u r e  was r e f l u x e d  f o r  2 h  u n t i l  t h e  t h e o r e t i c a l  a m o u n t  o f  w a t e r  ( 2 .5  
m L)  was c o l le c te d  in  a D e a n - S t a r k  t r a p .  T h e  s o lv e n t  w as re m o v e d  
u n d e r  r e d u c e d  p r e s s u r e  ( R o t a v a p o r ,  th e n  in  v a c u o )  to  g iv e  N , N ' - d i -  
b e n z y l i d i n e - t r a n s - 1, 2- d ia m in o c y c lo h c x a n e  (1 9 .8  g , q u a n t i t a t i v e ) :  
mp 9 6 -9 8 "C ;  IR  ( K B r )  1645 cm ”  ^ (C = N )  ; ^H NMR ( C D C l^ )  5 1 . 8 0  
( b r o a d ,  8H ) ,  3 .4 5  ( b r o a d ,  2 H ) ,  7 .1 5 - 7 .8 3  (m , lO H ) ,  8 .2 5  ( s ,  2 H ) ;
^^C  NMR ( M e ^ S O - d , )  2 3 .9 3 ,  3 2 .5 8 ,  7 3 .0 3 ,  1 2 7 .5 2 ,  1 2 8 .3 7 ,  130. 19,
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1 3 6 .04 ,  1 5 9 .91 .
T h e  c r u d e  p r o d u c t  was u s e d  i n  th e  n e x t  s te p  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n .
T o  a s o lu t io n  o f  d i im in e  (1 8 .9 4  g ,  6 5 .2  m m ol)  i n  m e th a n o l  (200 m L) 
a t  2 0 -2 3 °C  ( w a t e r  b a t h ) ,  a c o ld  a q u e o u s  s o lu t io n  o f  N a B I l ^  (6 g in  90 
m L)  w as a d d e d  w i t h  a c a p i l l a r y  d r o p p e r  o v e r  25 m in  w i t h  s t i r r i n g .  T h e  
m ix t u r e  was s t i r r e d  f o r  an a d d i t io n a l  1 h  u n d e r  n i t r o g e n .  T h e  e x c e s s  
h y d r id e s  w e re  d e s t r o y e d  w i t h  4 N H C l (50 m L )  a n d  th e  m ix t u r e  was 
m ade s t r o n g l y  b a s ic  a n d  e x t r a c t e d  w i t h  e t h e r  (4 x  100 m L ) . T h e  
c o m b in e d  o r g a n ic  p h a s e s  w e re  d r i e d  (K ^ C O g )  a n d  e v a p o r a te d  to  d r y n e s s  
( R o t a v a p o r ) .  T h e  r e s id u e  was d i s t i l l e d  w i t h  a s h o r t  p a th  a p p a r a t u s  to
g iv e  a c o lo r le s s  l i q u i d  ( 13.63  g , 71%): b p  2 1 3 -2 1 4 °C  ( 0 .7  m m H g ) ;  IR
( n e a t )  3305 cm~^ ( N - H ) ;  ^H NMR ( C D C L )  5 0 . 6 - 2 . 5  ( b r o a d ,  1 2 H ) ,  3 .78
(A B  q ,  4 H ) ,  7 .3  ( b r o a d  s ,  lO H ) ;  ^^C  NMR ( C D C l^ )  2 5 .0 1 ,  3 1 .5 5 ,
5 0 .8 8 ,  6 0 .8 9 ,  1 2 6 .5 9 ,  1 2 7 .9 4 ,  1 2 8 .2 0 ,  1 4 1 .1 6 ;  C o < J p ^88. 1 °  (3% m e th a n o l ) .
A n a l .  C a lc d  f o r  C g g H _ ^N _ : C ,  8 1 .5 9 ;  H ,  8 .9 0 ;  N ,  9 .5 1 .  F o u n d :
C ,  8 1 .5 2 ;  H ,  9 .0 0 ;  N ,  9 .3 9 .
2 , 3 - D i p h e n y l - t r a n s - H e x a h y d r o q u i n o x a l i n e  (D P H H Q )
B e n z i l  ( 8 6 .5  g , 410 mmol) a n d  a D A C H  m ix t u r e  (50 m L ,  410 m m o l* ; 
85% p u r e )  w e re  d is s o lv e d  in  b e n z e n e  (345 m L )  a n d  r e f l u x e d  u n d e r  
n i t r o g e n  f o r  4 h  a n d  w a te r  was c o l le c te d  in  a D e a n - S t a r k  t r a p .  U pon  
s t a n d in g  f o r  4 d  a t  ro o m  t e m p e r a t u r e ,  th e  s o lu t io n  d e p o s i te d  b r i g h t  
y e l lo w  s o l id .  T h e  s o l id  w as  c o l le c te d  b y  f i l t r a t i o n ,  w a s h e d  w i t h  co ld  
b e n z e n e  a n d  d r i e d  to  g iv e  2 1 .4  g o f  C ro p  1: mp 1 6 5 -1 6 7 °C ,  d e co m p .
T h e  f i l t r a t e  was c o n c e n t r a te d  a n d  u p o n  s t a n d in g  d e p o s i te d  2 5 .8  g o f
*  See fo o tn o te  on  p  86.
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C ro p  2; mp 1 6 1 -1 6 7 °C .  C ro p  2 was r e c r y s t a l l i z e d  tw ic e  f r o m  abs  
e th a n o l  to  g iv e  y e l lo w  n e e d le s  (1 7 .2  g ) :  mp 1 7 1 -1 7 2 °C ;  NMR
( C D C l^ )  c f 1 . 0 - 3 . 2  ( b r o a d ,  lO H ) ,  7 .2 8  ( b r o a d ,  lO H ) ;  ^ ^C  NMR ( C D C l^ )  
2 5 .4 3 ,  3 3 .4 9 ,  5 9 .5 7 ,  1 2 7 .9 8 ,  1 2 9 .4 1 ,  1 3 7 .8 0 ,  1 5 9 .6 5 .
A n a l .  C a lc d  f o r  ( ^ 2 0 ^ 2 0 ^ 2 '  8 3 .3 0 ;  H ,  6 .9 9 ;  N ,  9 .7 1 .  F o u n d :
C ,  8 3 .5 7 ;  H ,  7 .0 4 ;  N ,  9 .6 5 .
( R , R ) - 2 , 3 - D i p h e n y l - t r a n s - H e x a h y d r o q u i n o x a l i n e  (D P H H Q * )
( - ) - ( R , R ) - t r a n s - D A C H  (2 7 .3 8  g ,  240 m m ol; 99% o . p . )  a n d  b e n z i l  
( 5 0 .4  g ,  240 m mol) w e r e  d is s o lv e d  i n  b e n z e n e  (250 m b )  a n d  r e f l u x e d  f o r  
6 h  u n t i l  t h e  t h e o r e t i c a l  a m o u n t  o f  w a t e r  ( 8 . 5  m L )  was c o l le c te d  i n  a 
D e a n - S t a r k  t r a p .  T h e  s o lv e n t  w as  re m o v e d  u n d e r  r e d u c e d  p r e s s u r e  
( R o t a v a p o r ,  th e n  i n  v a c u o ) a n d  th e  r e s id u e  was r e c r y s t a l l i z e d  f r o m  abs 
e th a n o l  ( 1 .8  L )  to  a f f o r d  b r i g h t  y e l lo w  n e e d le s  (6 3 .1  g , 91%): mp
1 8 9 -1 9 0 °C ;  ^^C  NMR ( C D C l^ )  2 5 .4 9 ,  3 3 .5 6 ,  5 9 .6 3 ,  1 2 8 .0 5 ,  1 2 9 .4 1 ,
1 3 7 .8 6 ,  1 5 9 .7 2 ;  L '^ J p ^ -2 9 0 0  (c  1 .6 ,  t o lu e n e ) .
A n a l .  C a lc d  f o r  ^ 2 0 ^ ^ 2 0 ^ 2 ’ 8 3 .3 0 ;  H ,  6 .9 9 ;  N ,  9 .7 1 .  F o u n d :
C ,  8 3 .1 1 ;  H ,  7 .0 1 ;  N ,  9 .6 1 .
R e d u c t io n  o f  D P H H Q  a n d  D P H H Q *
(1 )  N a B H ^  r e d u c t i o n  o f  D P H H Q  -  M e th o d  A : T o  a s t i r r e d  s o lu t io n  o f
D P H H Q  (9 .0 0  g , 3 1 .2  m m ol)  i n  m e th a n o l - to lu e n e  (200 m b ,  1 :1  v / v ) ,  a 
co ld  a q u e o u s  s o lu t io n  o f  N a B H ^  (3 .0 0  g in  50 m b )  was a d d e d  b y  a c a p ­
i l l a r y  d r o p p e r  o v e r  50 m in .  A f t e r  s t i r r i n g  f o r  an  a d d i t io n a l  2 h ,  th e  
e x c e s s  h y d r i d e  was d e s t r o y e d  w i t h  4 N H C l  (50  m b )  w i t h  c o o l in g  in  an  
i c e - w a t e r  b a t h .  T h e  s o l id  fo rm e d  was c o l le c te d  a n d  d r i e d  to  g iv e  4 .07  
g o f  m a te r ia l  w h ic h  h a d  n o  mp b e lo w  300°C  a n d  w as  i n s o lu b le  in  w a te r  
a n d  in  m os t o r g a n ic  s o lv e n t s .  E le m e n ta l  a n a ly s is  o f  t h i s  c r u d e
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m a te r ia l  g a v e  a r e s u l t  c o n s is te n t  w i t h  th e  d i h y d r o c h l o r i d e  s a l t  o f  th e  
e x p e c te d  r e d u c t i o n  p r o d u c t .
A n a l .  C a lc d  f o r  ^ 2 0 ^ 2 6 ^ 2 ^ ^ 2 ‘ 8 5 .7 5 ;  H ,  7 .1 7 ;  N ,  7 .6 7 .
F o u n d :  C ,  6 3 .2 3 ;  H ,  6 .9 0 ;  N ,  7 .5 3 .
T h e  s o l id  w as w e t te d  w i t h  w a t e r  (100 m L )  a n d  v i g o r o u s l y  s t i r r e d  
w i t h  50% N aO H (50 m L )  a n d  C H ^ C l^  (50 m L )  u n t i l  tw o  c le a r  la y e r s  
r e s u l t e d .  T h e  l a y e r s  w e re  s e p a r a te d ;  th e  a q u e o u s  l a y e r  w as e x t r a c t e d  
w i t h  C H gC lg  (3 X 150 m L )  ; th e  c o m b in e d  o r g a n ic  la y e r s  w e re  d r i e d  
(K g C O ^ )  ; a n d  th e  s o lv e n t  was re m o v e d  u n d e r  r e d u c e d  p r e s s u r e  
( R o t a v a p o r )  to  g iv e  3 .9 0  g o f  a p a le  y e l lo w  v is c o u s  o i l  w h ic h  s o l id i f ie d  
u p o n  s t a n d in g .  T h e  r e c r y s t a l l i z a t i o n  f r o m  e t h a n o l - w a t e r  (35 m L ,  4 :3  
v / v )  g a v e  a c o lo r le s s  s o l id  (2 .0 4  g )  : mp 1 1 3 -1 1 5 °C ;  ^H NMR ( C D C l^ )
cT l .2 3 -2 .Q 3  ( b r o a d ,  1 2 H ) ,  2 .4 7 - 2 .9 7  ( b r o a d ,  2 H ) , 3 .8 7  ( s ,  2 H ) ,  7 .1 7  ( s ,  
lO H ) ;  ^ ^C  NMR ( C D C l  ) 2 4 .9 6 ,  3 1 .8 5 ,  6 1 .6 3 ,  6 8 .5 6 ,  1 2 7 .0 7 ,  1 2 7 .7 6 ,  
1 2 8 .0 7 ,  1 4 1 .5 0 .  T h i s  m a te r ia l  w as d e s ig n a te d  as t r a n s - 2 , 3 - d i p h e n y l -  
t r a n s - d e c a h y d r o q u in o x a l i n e  ( t / t - D P D H Q ) .
T w o  la y e r s  o f  t h e  f i l t r a t e  f ro m  th e  r e a c t io n  m ix t u r e  w e re  
s e p a ra te d .  T h e  a q u e o u s  l a y e r  was m ade s t r o n g l y  b a s ic  w i t h  50% NaOH 
(30 m L )  a n d  e x t r a c t e d  w i t h  e t h e r  (3 x  200 m L ) . T h e  c o m b in e d  o r g a n ic  
la y e r s  w e re  d r i e d  (N a ^ S O ^ )  a n d  th e  s o lv e n t  was re m o v e d  u n d e r  r e d u c e d  
p r e s s u r e  ( R o t a v a p o r ) .  T h e  r e s id u e  was d is s o lv e d  in  e t h e r  a n d  r e - d r i e d  
(N a ^ S O ^ ) .  T h e  re m o v a l  o f  th e  s o lv e n t  y ie ld e d  4 .7 5  g o f  a d a r k  b r o w n  
l i q u id  w h ic h  s o l i d i f ie d  u p o n  s t a n d in g .  ^H NMR s h o w e d  b ro a d  p e a k s  in  
th e  a l k y l  r e g io n  a n d  c o m p le x  p a t t e r n s  in  th e  a ro m a t ic  r e g io n .  F ro m  th e  
p re s e n c e  o f  a s i n g le t  a t  (5" 3 .8 3  a n d  tw o  d o u b le t s  a t  S  4 .2 7  a n d  4 .6 7 ,  
t h i s  m a te r ia l  w as d e te rm in e d  to  b e  a m ix t u r e  o f  tw o  d ia s te re o m e rs  o f  
D PD H Q  ( t / t  a n d  c / t )  a n d  th e  s t a r t i n g  D P H H Q . No s u i t a b le  s o lv e n t  was
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f o u n d  f o r  t h e  f r a c t i o n a l  r e c r y s t a l l i z a t i o n  o f  t h i s  m a te r ia l .  T h e  
s e p a r a t io n  o f  t h r e e  c o m p o n e n ts  b y  T L C  on n e u t r a l  a n d  b a s ic  a lu m in a  
w as a lso  u n s u c c e s s f u l .
(2 )  N a B H ^  r e d u c t i o n  o f  D P H H Q  -  M e th o d  B ; T o  a s t i r r e d  s o lu t io n  o f  
D P H H Q  (1 .0 0  g ,  3 .4 7  m m ol)  i n  abs m e th a n o l  (200 m L ) , s o l id  N a B H ^
(2 .0 0  g )  w as  a d d e d  in  sm a l l  p o r t i o n s  o v e r  30 m in .  A n  a d d i t io n a l  
m e th a n o l  (50 m L )  w as  u s e d  to  w ash  d o w n  th e  s o l id  on  th e  s id e  o f  th e  
f l a s k .  T h e  r e a c t io n  m ix t u r e  was k e p t  n e a r  2 5 °C  in  a w a t e r  b a t h  a n d  
s t i r r e d  f o r  an a d d i t io n a l  2 .5  h ,  th e n  t r e a t e d  w i t h  4 N H C l  (50 m L ) ,  a n d  
c o n c e n t r a te d  ( R o t a v a p o r )  to  a b o u t  75 m L .  T h e  w h i t e  s o l id  fo rm e d  was 
c o l le c te d  b y  f i l t r a t i o n  a n d  w a s h e d  w i t h  w a t e r  (25  m L )  a nd  e t h e r  (25
m L ) . T h e  f i l t r a t e  a n d  th e  w a t e r  w ash  w e re  c o m b in e d  a n d  e x t r a c t e d
w i t h  e t h e r  (3  x  50 m L ) . T h e  a q u e o u s  l a y e r  w as  m ade s t r o n g l y  b a s ic
w i t h  50% NaO H (25 m L )  ; th e  p r e v io u s l y  c o l le c te d  w h i t e  s o l id  w as a d d e d
to  i t ;  a n d  th e  m ix t u r e  w as  s t i r r e d  v i g o r o u s l y  w i t h  C H ^C lg  (100 m L)
u n t i l  tw o  c le a r  l a y e r s  r e s u l t e d .  T h e  la y e r s  w e re  s e p a r a te d ;  th e
a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  C l lg C l^  (2 x  50 m L) ; t h e  c o m b in e d
o r g a n ic  l a y e r s  w e re  d r i e d  (K ^ C O ^ )  ; th e  s o lv e n t  was re m o v e d
( R o ta v a p o r )  ; a n d  th e  r e s id u e  was d r i e d  m  v a c u o  to  g iv e  a c o lo r le s s  o i l
w h ic h  s o l i d i f i e d  u p o n  s t a n d in g  (0 .8 7  g , 96%). T h e  p r o d u c t  was fo u n d
to  b e  a m ix t u r e  o f  t / t - D P D H Q  a n d  c / t - D P D H Q  (79% t / t ,  21% c / t  b y  H i  
13
N M R ) .  C NMR s p e c t r u m  o f  th e  p r o d u c t  d id  n o t  s h o w  th e  p re s e n c e  o f  
a n y  o t h e r  m a te r ia l .
( 3 )  N a B H ^  r e d u c t i o n  o f  D P H H Q *  -  M e th o d  C : O p t i c a l l y  a c t i v e
D P H H Q *  (2 .0 0  g ,  6 .9 4  mmol) was r e d u c e d  w i t h  s o l id  N a B H ^  (4 .0 0  g )  in  
abs  m e th a n o l  in  th e  same m a n n e r  as M e th o d  B ,  e x c e p t  t h a t  th e  s o l id  
p r e c ip i t a t e  was w o r k e d  u p  s e p a r a t e ly .  T h e  s o l id  f r a c t i o n  ( in s o lu b le
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f r a c t i o n )  y ie ld e d  1 .4 4  g (71%) o f  th e  p r o d u c t  w h ic h  w as  fo u n d  to  
c o n ta in  o n ly  th e  t / t  i s o m e r  b y  N M R . T h e  w o r k u p  o f  th e  f i l t r a t e  
( s o lu b le  f r a c t i o n )  y ie ld e d  0 .5 8  g (29%) o f  th e  p r o d u c t  w h ic h  c o n ta in e d  
t / t  is o m e r  (10%) a n d  c / t  is o m e r  (90%) b y  N M R .
(4 )  N a B H ^  r e d u c t i o n  o f  D P H H Q *  -  M e th o d  D ; O p t i c a l l y  a c t iv e  
D P H H Q *  (1 0 .0  g , 35 m m ol)  w as p a r t i a l l y  d is s o lv e d  i n  abs  m e th a n o l  (200 
m b) a n d  was r e d u c e d  w i t h  s o l id  N a B H ^  (4 .0  g )  in  a m a n n e r  s im i la r  to  
M e th o d  C .  T h e  i n s o lu b le  f r a c t i o n  was w o r k e d  u p  s e p a r a te ly  a n d  th e  
p r o d u c t  was r e c r y s t a l l i z e d  f r o m  m e th a n o l - w a te r  ( 3 :1  v / v )  b y  a l lo w in g  
th e  s o lv e n t  to  e v a p o r a te  s lo w ly  o v e r  t h r e e  w e e k s  to  y ie ld  5 .48  g (54%) 
o f  f i n e  n e e d le s :  mp 6 5 -6 6 ° C ;  ^H NMR (C D C l^ )  c T l . 2 - 2 .0  ( b r o a d ,  lO H ) ,
2 . 5 - 2 .8 ( b r o a d ,  2 H ) ,  3 .8 3  ( s ,  2 H ) ,  7 .13  ( s ,  lO H ) ;  NMR ( C D C L )
2 4 .9 7 ,  3 1 .8 6 ,  6 1 .5 8 ,  6 8 .5 4 ,  1 2 7 .0 8 ,  1 2 7 .7 2 ,  1 2 8 .0 5 ,  1 4 1 .4 4 ;  C‘^ J ^ - 7 5 . 2 "  
(c  1 .1 4 ,  a bs  e t h a n o l ) .
A n a l .  C a lc d  f o r  C g ^ H ^ .N g :  C ,  8 2 .1 5 ;  H ,  8 .2 7 ;  N ,  9 .5 8 .  F o u n d :
C ,  8 2 .0 9 ;  H ,  8 .3 5 ;  N ,  9 .5 5 .
T h e  s o lu b le  f r a c t i o n  g a v e  2 .3 1  g (23%) o f  a m i x t u r e  o f  tw o  
d ia s te re o m e r ic  D P D H Q * .
(5 )  R e d u c t io n  w i t h  D M A " B H ^ in  a c e t ic  a c id  : T o  a s t i r r e d  s u s p e n s io n
o f  D P H H Q *  ( 2 .0 0  g , 6 .9 4  m mol) i n  g la c ia l  a c e t ic  a c id  (10 m L ) , a 
s o lu t io n  o f  D M A 'B H ^  (1 .0 2  g , 17 mmol) in  g la c ia l  a c e t ic  a c id  (10 m L)  
w as a d d e d  o v e r  10 m in  w i t h  c o o l in g  in  a c o ld  w a t e r  b a t h  a t  15°C  u n d e r  
n i t r o g e n .  T h e  m ix t u r e  was w a rm e d  to  6 0 °C  f o r  15 m in ;  th e n  i t  was 
co o le d  in  an  i c e - w a t e r  b a t h  a n d  d i l u t e d  w i t h  w a te r  (100 m L ) . T h e  
s o lu t io n  w as  t r e a t e d  w i t h  5 M N aO H (60 m L)  a n d  th e  m ix t u r e  w as  
s t i r r e d  w i t h  C H ^ C lg  (150 m L )  u n t i l  tw o  c le a r  l a y e r s  r e s u l t e d .  T h e  
l a y e r s  w e re  s e p a r a te d ;  th e  a q u e o u s  l a y e r  w as e x t r a c t e d  w i t h  C H ^ C l .  (2
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X  150 m L ) ;  th e  c o m b in e d  o r g a n ic  l a y e r s  w e re  d r i e d  ( K ^ C O ^ ) :  a n d  th e  
s o lv e n t  w as re m o v e d  ( R o t a v a p o r )  to  g iv e  a p a le  y e l lo w  o i l  (1 .8 3  g ,
91%). T h e  p r o d u c t  c o n ta in e d  20% t / t - D P D H Q *  a n d  80% c / t - D P D H Q *  b y  
^H N M R .
( 6) R e d u c t io n  w i t h  D M A 'B H ^ in  T H F : T o  a s t i r r e d  s o lu t io n  o f  
D P H H Q *  ( 2 .0 0  g ,  6 .9 4  m mol) in  T H F  (75 m L ) , a s o lu t io n  o f  D M A -B H ^  
(0 .8 2  g ,  1 3 .9  m mol) i n  T H F  (25 m L)  w as a d d e d  d r o p w is e  o v e r  15 m in  
u n d e r  n i t r o g e n  w i t h  c o o l in g  i n  a w a t e r  b a t h  ( 2 0 ° C ) .  T h e  s o lu t io n  was 
s t i r r e d  f o r  5 d a t  ro o m  t e m p e r a tu r e  a n d  i t  was r e f l u x e d  f o r  24 h .  T h e  
s o lu t io n  w as s t i l l  s t r o n g l y  c o lo re d  i n d i c a t i n g  t h a t  v e r y  l i t t l e  r e d u c t i o n  
h a d  ta k e n  p la c e .  T h e  s o lu t io n  was coo led  in  an i c e - w a t e r  b a th  a n d  4 N 
H C l (20 m L )  w as a d d e d  s lo w ly .  T h e r e  w as an  im m e d ia te  c o lo r  c h a n g e  
a n d  a gas  e v o lu t io n  w as e v id e n t .  T h e  m ix t u r e  w as s t i r r e d  f o r  an 
a d d i t io n a l  2 h  u n d e r  n i t r o g e n  a n d  i t  was a l lo w e d  to  w a rm  s lo w ly  to  room  
t e m p e r a tu r e .  T h e  s o l id  fo rm e d  was s e p a ra te d  a n d  th e  in s o lu b le  f r a c t io n  
a n d  s o lu b le  f r a c t i o n s  w e re  w o r k e d  u p  s e p a r a t e ly .  T h e y  w e re  
r e c o m b in e d  a n d  th e  d ia s te re o m e r  r a t i o  o f  th e  p r o d u c t  was d e te rm in e d  
b y  ^H N M R .
(7 )  R e d u c t io n  w i t h  N a B H ^ C N : D P H H Q *  (1 .0 0  g ,  3 .4 7  m m ol)  w as 
s u s p e n d e d  in  g la c ia l  a c e t ic  a c id  (25 m L) a n d  th e  m ix t u r e  w as co o le d  in  
a c o ld  w a t e r  b a t h  ( 1 0 ° C ) .  N a B H ^ C N  (2 .0 0  g ,  35 m mol) was a d d e d  in  
tw o  p o r t i o n s .  T h e  m ix t u r e  was s t i r r e d  f o r  2 h  u n d e r  n i t r o g e n  a n d  i t  
was d i l u t e d  w i t h  w a t e r  (75 m L) a n d  m ade s t r o n g l y  b a s ic  w i t h  5 M 
N a O H . T h e  s t a n d a r d  w o r k u p  g a v e  a y e l lo w  o i l  ( 0 .8 9  g ,  88%). ^H NMR 
s p e c t r u m  o f  th e  p r o d u c t  has  s h o w n  t h a t  i t  c o n ta in e d  20% t / t  is o m e r  a n d  
80% c / t  is o m e r .
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( 8) R e d u c t io n  w i t h  B H ^ ' T H F : I n  a d r y  r o u n d - b o t t o m e d  f l a s k ,  was 
p la c e d  a s o lu t io n  o f  D P H H Q *  (1 .0 0  g ,  3 .4 7  m mol) i n  d r y  T H F  (80 m L) 
u n d e r  n i t r o g e n .  T h e  r e a c t io n  f l a s k  was coo led  in  an  i c e - w a t e r  b a th  a n d  
a 1 M B H ^*  T H F  s o lu t io n  (7  m L) was a d d e d  a t  o nce  f r o m  a d r y  s y r i n g e .  
T h e  s o lu t io n  was s t i r r e d  a t  room  t e m p e r a tu r e  f o r  24 h .  T h e  s t a n d a r d  
w o r k u p  g a v e  a c le a r ,  v i s c o u s  o i l  ( 0 .9 9  g , 98%). T h e  p r o d u c t  was 
fo u n d  to  c o n ta in  74% c / t  s io m e r  a n d  26% t / t  is o m e r  b y  ^H N M R .
(9 )  R e d u c t io n  w i t h  N a °  in  e t h a n o l : D P H H Q *  (592 m g ,  2 .05  mmol)
o
was p a r t i a l l y  d is s o lv e d  in  d r y  abs  e th a n o l  (100 m L ;  s to r e d  o v e r  3 A 
m o le c u la r  s ie v e s )  a n d  th e  m ix t u r e  was coo led  in  an i c e - w a t e r  b a t h .  
S od ium  m eta l  ( 0 .5  g ,  20 m m ol)  was a d d e d  in  tw o  p o r t i o n s  u n d e r  
n i t r o g e n . When th e  g as  e v o lu t io n  became s m o o th ,  th e  c o o l in g  b a t h  was 
re m o v e d  a n d  th e  m ix t u r e  was s t i r r e d  u n t i l  a l l  th e  s o d iu m  m e ta l h a d  been  
c o n s u m e d .  T h e  s t a n d a r d  w o r k u p  r e s u l t e d  in  th e  q u a n t i t a t i v e  r e c o v e r y  
o f  th e  s t a r t i n g  m a te r ia l .
(10 )  R e d u c t io n  w i t h  L iB H ^  in  e t h e r : I n  a d r y  f l a s k , N a B H ^  (0 .9 5
g , 25 m m o l) ,  a n h y d r o u s  L i B r  (2 .1 7  g ,  25 mmol) a n d  d r y  e t h e r  (50 m L) 
w e re  p la c e d  a n d  th e  m ix t u r e  was s t i i ' r e d  u n d e r  n i t r o g e n  a t  room  
te m p e r a tu r e  f o r  3 d .  T h e  h y d r o l y s i s  o f  th e  s o lu t io n  in d i c a t e d  t h a t  a 
v e r y  l i t t l e  L iB H ^  h a d  b e e n  fo r m e d .  L iB H ^  s o lu t io n  (14 m L)  w as a d d e d  
to  a s o lu t io n  o f  D P H H Q *  (1 .0 0  g , 3 .4 7  m m ol)  i n  d r y  e t h e r  (100 m L) 
a lo n g  w i t h  N a B H ^  ( 0 . 2 6 g ,  6 .8 7  m mol) a n d  L i B r  (0 .6 0  g ,  6 .9 1  m m o l) .
T h e  m ix t u r e  was s t i r r e d  f o r  5 d  a t  roo m  te m p e r a tu r e  a n d  r e f l u x e d  f o r  8
h .  T h e  m ix t u r e ,  d i l u t e d  w i t h  w a t e r  (25 m L)  a n d  4 N H C l (10 m L ) , w as 
s t i r r e d  f o r  2 d .  T h e  s t a n d a r d  w o r k u p  g ave  a p r o d u c t  c o n ta in in g  
m o s t ly  b e n z i l  a n d  D A C H  a n d  v e r y  l i t t l e  D P D H Q * .




(11 )  L iB H ^  r e d u c t i o n  i n  T H F ; A n h y d r o u s  L i B r  (2 .1 7  g ,  25 mmol) 
a n d  N a B H ^  (0 .9 5  g , 25 m mol) in  d r y  T H F  (40 m L )  w e re  s t i r r e d  a t  room  
te m p e r a tu r e  u n d e r  n i t r o g e n  f o r  48 h .  T h e  h y d r o l y s i s  o f  an  a l iq u o t  
g a v e  th e  L iB H ^  s o lu t io n  to  be  0 .4  M. T o  a s t i r r e d  s o lu t io n  o f  D P H H Q * 
( 1 .0  g , 3 .5  m m ol)  i n  d r y  T H F  (75 m L )  co o led  in  an  i c e - w a t e r  b a t h , a 
s t a n d a r d iz e d  L iB H ^  s o lu t io n  (20 m L ,  8 m mol) w as a d d e d .  T h e  m ix t u r e  
was  s t i r r e d  f o r  3 d  a t  ro o m  t e m p e r a t u r e .  M o re  L iB H ^  s o lu t io n  (15 m L) 
was a d d e d  a n d  th e  s o lu t io n  w as  r e f l u x e d  f o r  24 h .  I t  was s t i l l  y e l lo w ,  
i n d i c a t i n g  an in c o m p le te  r e d u c t i o n .  T h e  s t a n d a r d  w o r k u p  y ie ld e d  0 .63  
g (62%) o f  m a te r ia l  c o n ta in in g  39% c / t  is o m e r  a n d  61% t / t  is o m e r .  0 .10
g o f  b e n z i l  w as  a lso  r e c o v e r e d .
(12 )  L A H  r e d u c t i o n  -  M e th o d  D : L A H  (310 m g ,  7 .7 6  m mol) was 
a d d e d  to  d r y  e t h e r  (75 m L)  , a n d  th e  m ix t u r e  w as  s t i r r e d  f o r  0 .5  h  
u n d e r  n i t r o g e n  w i t h  c o o l in g  i n  an  i c e - w a t e r  b a t h .  A  s o lu t io n  o f  
D P H H Q *  (1 .0 0  g ,  3 .4 7  m mol) in  d r y  e t h e r  (100 m L) was a d d e d  o v e r  20 
m in .  T h e  m ix t u r e  w as  s t i r r e d  f o r  24 h  a t  ro o m  t e m p e r a t u r e .  T h e  
s t a n d a r d  w o r k u p  g a v e  0 .9 9  g (98%) o f  th e  p r o d u c t  c o n t a in in g  98% c / t  
is o m e r  a n d  2% t / t  is o m e r .
(13 )  L A H  r e d u c t i o n  -  M e th o d  E : D P H H Q *  ( 5 .5 0  g , 19 .1  m mol) was 
r e d u c e d  w i t h  L A H  (1 .5 0  g , 3 7 .6  m mol) in  d r y  e t h e r  (250 m L)  in  a 
m a n n e r  s im i la r  to  M e th o d  D .  S o l id  D P H H Q *  w as a d d e d  d i r e c t l y  to  th e  
L A H  s u s p e n s io n  w i t h  a Gooch  t u b i n g .  T h e  r e a c t io n  m ix t u r e  w as  s t i r r e d  
a t  room  te m p e r a tu r e  f o r  24 h ,  r e f l u x e d  f o r  24 h ,  a n d  a g a in  s t i r r e d  a t 
room  te m p e r a tu r e  f o r  an  a d d i t io n a l  3 d  a t  w h ic h  t im e  i t  t u r n e d  to  g r e y  
f r o m  th e  i n i t i a l  g re e n  c o lo r .  T h e  s t a n d a r d  w o r k u p  r e s u l t e d  in  5 .5 0  g 
(98%) o f  a c r u d e  p r o d u c t .  T h e  c r u d e  p r o d u c t  w as  d is s o lv e d  in  e t h e r  
(100 m L) a n d  H C l  gas  was b u b b le d  t h r o u g h .  T h e  s o l id  fo rm e d  was
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c o l le c te d  b y  f i l t r a t i o n  a n d  w a s h e d  t h o r o u g h l y  w i t h  e t h e r  a n d  d r i e d  in  
v a c u o  to  y i e l d  6 .1 3  g  o f  d i h y d r o c h l o r i d e  s a l t .  I t  was d is s o lv e d  in  
m e th a n o l  (60 m L )  a n d  r e - p r e c i p i t a t e d  w i t h  an  e q u a l  v o lu m e  o f  e t h e r .
T h e  s o l id  w as  w a s h e d  w i t h  c o ld  m e t h a n o l - e t h e r  ( 1 :1  v / v )  a n d  a i r - d r i e d  
to  y i e l d  4 .3 6  g o f  t h e  s a l t .
A n a l .  C a lc d  f o r  (32QH2( , ^ 9(31g : C ,  6 5 .7 5 ;  H ,  7 .1 7 ;  N ,  7 .6 7 .
F o u n d :  C ,  6 5 .5 0 ;  H ,  7 .1 2 ;  N ,  7 .6 1 .
D i h y d r o c h lo r i d e  s a l t  was d is s o lv e d  i n  w a t e r  (50 m L) a n d  th e  
s o lu t io n  w as t r e a t e d  w i t h  N aO H p e l le t s  u n t i l  s t r o n g l y  b a s i c , r e s u l t i n g  in  
fo rm a t io n  o f  w h i t e  s o l i d .  T h e  m ix t u r e  was v i g o r o u s l y  s t i r r e d  w i t h  e t h e r  
(50  m L )  u n t i l  tw o  c le a r  l a y e r s  r e s u l t e d .  T h e  l a y e r s  w e re  s e p a r a te d  a n d  
th e  a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  e t h e r  (3 x  50 m L ) . T h e  c o m b in e d  
o r g a n ic  l a y e r s  w e re  d r i e d  (N a ^ S O ^ )  ; t h e  s o lv e n t  w as  re m o v e d  
( R o t a v a p o r ) ;  a n d  th e  r e s id u e  was d r i e d  in  v a c u o  to  y ie ld  3 .3 5  g o f  
c o lo r le s s  s o l id :  mp 9 4 - 9 5 ° C ;  ^H  NMR ( C D C l^ )  < T l . 9 " 2 .2  ( b r o a d ,  1011),
2 . 4 - 3 . 1  ( b r o a d ,  2 H ) ,  4 .2 0  ( d ,  J  = 7 , I H ) ,  4 .6 7  ( d ,  J = 7 , I H ) ,  7 . 1 - 7 . 8  
(m , lO H ) ;  ^ ^C  NMR ( C D C l . )  2 4 .9 1 ,  3 2 .1 9 ,  3 2 .3 2 ,  5 3 .5 8 ,  6 3 .1 4 ,  6 4 .1 8 ,  
1 2 6 .5 5 ,  1 2 6 .9 4 ,  1 2 7 .4 6 ,  1 2 7 .7 9 ,  1 3 0 .0 6 ,  1 4 1 .5 7 ,  1 4 1 .9 0 ;  M p  + 1 7 4 .2 °  (c
1 .3 1 ,  abs  e t h a n o l ) .
A n a l .  C a lc d  f o r  ^ 2 0 ^ ^ 2 4 ^ 2 '  ^ ' 3 2 .1 5 ;  H ,  8 .2 7 ;  N ,  9 .5 8 .  F o u n d :
C ,  8 2 .0 6 ;  H ,  8 .2 7 ;  N ,  9 .3 5 .
A s y m m e t r ic  R e d u c t io n  o f  P r o p io p h e n o n e
T h e  fo l lo w in g  p r o c e d u r e  is  e x e m p la r y .
D r y  e t h e r  (100 m L )  w as p la c e d  in  a 2 5 0 -m L ,  t h r e e - n e c k  r o u n d -  
b o t to m e d  f l a s k ,  f l u s h e d  w i t h  n i t r o g e n  a n d  e q u ip p e d  w i t h  a m a g n e t ic  
s t i r r i n g  b a r ,  a r e f l u x  c o n d e n s e r  a n d  a s e p tu m  a n d  co o led  i n  an 
ic e - v ;a te r  b a t h .  L A H  ( 0 .2 4  g , 6 .0  m m ol)  w as a d d e d ,  fo l lo w e d  b y  an
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a d d i t io n a l  50 m L o f  d r y  e t h e r  to  w a s h  th e  l a s t  t r a c e s  o f  L A H  i n t o  th e  
f l a s k .  T h e  r e s u l t i n g  s u s p e n s io n  was s t i r r e d  f o r  0 .5  h .  A  s o lu t io n  o f  
th e  d ia m in e  ( 6 .2  m mol) i n  d r y  e t h e r  (25 m L)  w as a d d e d  o v e r  5 m in  b y  a 
s y r i n g e  a n d  th e  m ix t u r e  was s t i r r e d  f o r  1 h  a t  ro o m  t e m p e r a t u r e .  T h e  
m ix t u r e  was co o led  in  a d r y  ic e -a c e to n e  b a th  a n d  a s o lu t io n  o f  
p ro p io p h e n o n e  (0 .6 7  g , 5 mmol) in  d r y  e t h e r  (25 m L )  w as a d d e d  w i t h  a 
s y r i n g e .  T h e  r e a c t io n  m ix t u r e  was a l lo w e d  to  w a rm  s lo w ly  to  room  
t e m p e r a tu r e  a n d  w as s t i r r e d  f o r  18 h .  T h e  m ix t u r e  w as h y d r o l y z e d  
w i t h  w a t e r  (50 m L)  ; th e  l a y e r s  w e re  s e p a r a te d ;  th e  o r g a n ic  l a y e r  w as 
w a s h e d  w i t h  1 N H C l  (3 x  50 m L )  a n d  w a t e r  (1 x  50 m L ) . *  T h e  e th e r  
l a y e r  was d r i e d  (N a ^ S O ^ )  a n d  c o n c e n t r a te d  ( R o t a v a p o r ) .  T h e  r e s id u e  
w as p u r i f i e d  b y  K u g e l r o h r  d i s t i l l a t i o n  to  y i e l d  0 .5  g o f  a c o lo r le s s  
l i q u i d .  T h e  p r o d u c t  w as  a n a ly z e d  b y  GC f o r  % r e d u c t i o n  p r i o r  to  th e  
m e a s u re m e n t  o f  th e  o p t i c a l  r o t a t i o n .
* T h e  c o m b in e d  a c id  a n d  w a t e r  w ash  g a v e  1 .94  g (86%) o f  th e  
r e c o v e r e d  d i h y d r o c h l o r i d e  o f  t / t - D P D H Q * .
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Diaminocyclohexane Analytical Procedure
This analytical method is a gas chromatography method to analyze 
for Cis - and trans - DCH, and common impurities, HMI, MPIID, and 
HMDA.
An isothermal GC equipped for capillary column with inlet 
splitter and flame ionization detector is satisfactory. An 
adequate peak integrator should also be used.
.ÇQL.UMN
il and W thick film, lum, DB-5, 30m X 0.252mm. 
stationary phase.









104 deg C 
11 psi (75 KPa) 
200 deg C 
250 deg C
Hexamethyleneimine, HMI 3.40 min
Trans-1,2-diaminocyclohexane, t-DCH 7.30 min
1,5-Diamino-2-Methylpentane, MPMD 7.56 min
Cis-1,2-diaminocycohexane, c-DCH 7.92 min
Hexamethylenediamine, HMDA 9.32 min
If weight percent is desired, the area percent results must be 
corrected for response differences. The response factors for all 
of the compounds are the same within 2% except for HMI. To 
correct HMI, multiply HMI area percent by 0.868 and normalize 
this and the other area percent values. This will give results 
as weight percent.
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DCH Analytical Procedure 
Page 2
.CQMMEHTS
The MPMD is a small peak between the Cis - and trans - DCH. It 
may be necessary to adjust the oven temperature to move the MPMD 
out from under either the cis - or trans - DCH.
With the polar amines, it is easy to overload the nonpolar DB-5 
column. If poor peak shapes are encountered try reducing 
injection size.
Because the amines pick up C02 from the air it is advantagous to 
wash the syringe with a solvent (e.g. methanol) after each 
injection.
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